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Distribution List 
 
The following project participants (Table 1) will receive the completed Quality Assurance and 
Surveillance Plan (QASP) and all future updates for the duration of the project. The Cleco 
Power, LLC VP Generation Operations will be responsible for ensuring that all of those on the 
distribution list receive the most current copy of the approved QASP.   
 
 
 


Table 1: Distribution list. 
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A.1.2 Independence from Project QA Manager and Data Gathering 


To ensure quality assurance (QA), the sample collection process, data analysis and processing 
will be performed or witnessed by independent third parties outside the management structure in 
most cases. 


A.1.3 QA Project Plan Responsibility 


Cleco Power, LLC will be responsible for maintaining and distributing the official, approved 
QASP and will periodically review this QASP and consult with EPA when changes to the plan 
are required. 


A.1.4 Organizational Chart for Key Project Personnel 


Figure 1 shows the organizational structure of the Cleco Diamond Vault Project. Cleco Power, 
LLC will provide a contact list of individuals fulfilling these roles to the Underground Injection 
Control (UIC) Program Director, if required.  


Figure 1: Cleco Power, LLC project organization structure. 
 


A.2. Problem Definition/Background 


A.2.1  Reasoning 


The goals of the Testing and Monitoring Plan (Permit Section 7.0) include:  


• Protecting underground sources of drinking water (USDWs) 


• Meeting the regulatory requirements of 40 Code of Federal Regulations (CFR) 146.90 


• Ensuring that the injection well is operating as planned 


• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of carbon dioxide (CO2) within the injection zone 


• Support Area of Review (AoR) re-evaluations over the course of the project 


Sensitive, Confidential, or Privileged Information
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These objectives will be met through the collection of pressure/temperature data within and 
above the storage formation, the collection of groundwater and fluid samples from shallow and 
deep monitoring wells, wireline logging techniques, pressure/temperature measurements in the 
tubing and annular space of the injection well and deep monitoring wells, sample 
collection/analysis of the injection stream, and geophysical monitoring. 


This QASP was developed to ensure the quality standards of the Testing and Monitoring Plan to 
meet the requirements of the EPA UIC Program for Class VI wells. 


 


A.2.2 Reasons for Initiating the Project 
 
The objective of the Cleco Diamond Vault Project is to store injected CO2 safely and permanently in 
the injection formation. The Testing and Monitoring Plan for this project has been designed to 
confirm the safe and permanent storage of the CO2 within the intended storage reservoir.   


A.2.3 Regulatory Information, Applicable Criteria, Action Limits 


US EPA regulation 40 CFR 146 Subpart H requires owners or operators of Class VI wells to 
monitor several parameters over the life of the project to ensure that: 


• Mechanical integrity of the injection well is maintained 


• Fluid migration and the extent of pressure elevation are within the limits described in the 
permit application 


• USDWs are not endangered  


Monitoring activities include mechanical integrity tests (MITs), pressure fall-off (PFO) tests 
during the injection phase of the project, monitoring of shallow and deep groundwater quality, and 
development of the CO2 plume and associated pressure front. This document details the 
measurements that will be required as well as the steps used to ensure that the quality of all data is 
such that it can be used in the decision-making process over the life of the project. 


A.3. Project/Task Description 


A.3.1 Summary of Work to be Performed and Work Schedule 


Table 3 and Table 4 describe a summary of the testing and monitoring tasks, reasoning, 
responsible parties, locations, and testing frequency.  
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A.3.2 Geographic Locations 
 
Figure 2 shows the Cleco Diamond Vault Project site. 
 


Figure 2: Cleco Diamond Vault Project area. 
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A.3.3 Resource and Time Constraints 


Cleco Power, LLC proposes a 10-year post injection site care (PISC) phase. Computer Modelling 
Group (CMG-GEM) simulations will be run throughout the project and matched with actual field 
data collected under the Testing and Monitoring Plan.  The simulations and field testing will 
confirm that plume stability modeling will be accurate beyond the 10-year period.  


A.4. Quality Objectives and Criteria 


A.4.1 Performance/Measurement Criteria 


The overall QA objective for the Testing and Monitoring Plan is to develop and implement 
procedures to monitor the CO2 injection system, development of the CO2 plume and associated 
pressure front, and to confirm that CO2 or other fluids have not migrated beyond the confining 
layer.  This objective will be accomplished through the implementation of the methods provided 
in Table 3 and Table 4. The tables below (Table 5 to Table 15) detail the specific performance and 
measurement criteria for each testing and monitoring output.   
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A.4.2 Precision 


The specification and precision of each monitoring method are detailed in the tables above. For 
groundwater sampling, the accuracy of the data will be assessed by the collection and analysis 
of field blanks to test sampling procedures and matrix spikes to test lab procedures.  Field 
blanks will be taken no less than one per sampling event to determine if the sample bottle is 
contaminated.  Laboratory assessment of analytical precision will be the responsibility of the 
individual laboratories per their standard operating procedures (SOPs).   


A.4.3 Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 
per their SOPs and analytical methodologies. For direct pressure or logging measurements, there 
is no bias. 


A.4.4 Representativeness 


For groundwater sampling, data representativeness expresses the degree to which data accurately 
and precisely represent a characteristic of a population, parameter variations at a sampling point, 
a process condition, or an environmental condition. The sampling network has been designed to 
provide data that are representative of site conditions. For the analytical results of individual 
groundwater samples, representativeness will be estimated by ion charge and mass balances. Ion 
balances with ±10% error or less will be considered valid. Mass balance assessment will be used 
in cases where the ion balance is greater than ±10% to help determine the source of error. For a 
sample and its duplicate, if the relative percent difference (RPD) is greater than 10%, the sample 
may be considered non-representative.  


A.4.5 Completeness 


For groundwater sampling, data completeness is a measure of the amount of valid data obtained 
from a   measurement system compared to the amount that was expected to be obtained under 
normal conditions. It is anticipated that data completeness of 90% for groundwater sampling will 
be acceptable to meet monitoring goals. For direct pressure, temperature, and flow measurements, 
it is expected that data will be recorded no less than 90% of the time. 


A.4.6 Comparability 


Data comparability expresses the confidence with which one data set can be compared to 
another. The data sets to be generated by this project will be very comparable to future data sets 
because of the use of standard methods and the level of quality assurance/quality control 
(QA/QC) effort. Direct pressure, temperature, and logging measurements will be directly 
comparable to previously obtained baseline or project data. 
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A.5. Special Training/Certifications 


A.5.1 Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 
qualified, and certified personnel, according to the service company which provides the 
equipment. The subsequent data will be processed and analyzed according to industry standards. 
Examples of these are shown in Attachment 1.  


No specialized certifications are required for personnel conducting groundwater sampling, but 
field sampling will be conducted by trained personnel. Groundwater sampling will be conducted 
by personnel trained to understand and follow the project-specific sampling procedures.  


Upon request, the agency will be provided with all laboratory SOPs developed for the specific 
parameter using the appropriate standard method. Each laboratory technician conducting the 
analysis on the samples will be trained on the SOP developed for each standard method. The 
technician’s training certification will be included with the biannual report. 


A.5.2 Training Provider and Responsibility 


Training for personnel will be provided by the operator or by the subcontractor responsible for 
the data collection activity. 


A.6. Documentation and Records 


A.6.1 Report Format and Package Information 


A semi-annual report from Cleco Power, LLC to EPA will contain all required project data, 
including the testing and monitoring information as specified by the UIC Class VI permit. 
Data will be provided in electronic or other formats as required by the UIC Director. 


A.6.2 Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data 
will be provided as required by the UIC Director. 


A.6.3 Data Storage and Duration 


Cleco Power, LLC or a designated contractor will maintain the required project data as provided 
elsewhere in the permit. 


A.6.4 QASP Distribution Responsibility 


The Cleco Power LLC Manager will be responsible for ensuring that all those on the 
distribution will receive the most current copy of the approved QASP. 
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B. Data Generation and Acquisition 


B.1. Sampling Process Design (Experimental Design) 


During the pre-injection phase, fluid samples will be collected and analyzed for parameters listed 
in Table 5 and Table 6 of geochemical parameters to establish baseline conditions of the fluids 
within the target formations.  Regular sampling will be performed during the injection and post-
injection phases of the project to track the migration of CO2 through the storage formation and to 
confirm that CO2 and other fluids of interest have not migrated out of the storage formation. 
Analytes will include selected constituents that are:  


• Primary and secondary EPA drinking water contaminants 


• Those most responsive in the interaction of CO2 with the formation fluids and minerals 


• Those needed for QC 


The full set of selected parameters for each sampling interval is given in Table 5 and Table 6. All 
samples will be analyzed using a laboratory that meets the requirements under the EPA 
Environmental Laboratory Accreditation Program. Isotopic analysis will be conducted using 
established methods. The pressure, temperature, and flowrate of the CO2 injection stream will be 
monitored on a continuous basis using instrumentation located in the flowline between the final 
compression stage and the wellhead.  In addition, samples of the injection stream will be collected 
on a quarterly basis for analysis.  The sampling and analysis will be completed to ensure 
compliance with the approved Class VI permit.   


B.1.1 Design Strategy 


CO2 Stream Monitoring Strategy 


Regular sampling of the CO2 stream provides an evaluation of the potential interactions of the 
CO2 and other constituents of the injection stream with mineral components and fluids within the 
storage formation. It can also identify increases in trace components, such as water content, that 
could accelerate well corrosion and negatively impact well integrity. Minor variation (<5%) is 
expected in the composition of the injected CO2 stream which will pass through two scrubbers 
prior to entering the compressor and the pipeline.  As a result, quarterly sampling of the CO2 
injection stream will be sufficient to accurately track the composition of the stream. An initial 
calibration and validation of the instruments will be performed by the manufacturers and will be 
verified by the project on a regular basis.  


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to assess the mechanical integrity of the 
well components that are in contact with the CO2. The coupons will be assessed for signs of 
corrosion and any loss of mass thickness, cracking, pitting, and other signs of corrosion that could 
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be indicative of future well integrity issues.  The analysis will be in accordance with National 
Association of Corrosion Engineers (NACE) Standard RP-0775 (or similar) to determine and 
document corrosion wear rates. 


Shallow Groundwater Monitoring Strategy 


There is an existing, extensive, groundwater monitoring program in place at the facility. A subset 
of this network will be selected, and supplemented with additional wells, to provide the required 
sampling coverage across the AoR.   


Baseline groundwater samples will be acquired from these wells to characterize the seasonal 
variations in water quality within the AoR prior to the start of CO2 injection.  These groundwater 
samples will also have their geochemistry and stable isotopes analyzed.  Throughout the injection 
and PISC phases of the project, the results of the aqueous geochemistry and isotope analyses will 
be compared to the baseline conditions for any indication of CO2 or brine migration into the 
shallow groundwater aquifer. 


Deep Groundwater Monitoring Strategy 


A deep, above confining zone (ACZ) groundwater well will be drilled for the project (40 CFR 
146.90 (d)) near the injection well to monitor the aquifers immediately above the confining layer 
in the event that there is CO2 or brine migration out of the storage formation along the injection 
wellbore (Figure 2). This well will allow for pressure and temperature monitoring as well as 
periodic fluid sampling in the deepest USDW. The well will be equipped with memory-style 
pressure gauges in the tubing string, such as Pioneer Petrotech PPS25 or similar, that record data 
every 60 seconds. The well will be configured in such a way as to isolate these formations such 
that the gauges measure the pressure from each interval separately. The well will also be 
equipped with fiber optic (FO) cable installed behind the casing for continuous distributed 
temperature sensing (DTS). A bailer system will be used to collect the fluid samples to evaluate 
geochemical changes in groundwater fluids. Samples will be analyzed for field constituents using 
a calibrated water quality meter (Horiba U-53, or similar).  The geochemical analyses will be 
performed by Intertek Laboratories, or a similar laboratory.  The isotopic analyses will be 
performed by Isotech Laboratories, or a similar laboratory.   


CO2 or brine migration into the deepest USDW will most likely be first identified through pressure 
changes in the formation. The presence of CO2 or brine in the overlying aquifers can be further 
confirmed through aqueous geochemistry data and analysis of isotopes. If deep early-detection 
monitoring data indicate that CO2 has migrated out of the primary storage formation, it will trigger 
external well integrity testing of the injection and deep monitoring wells.  It may also trigger a 
time-lapse borehole seismic VSP survey earlier than initially planned. 


Storage Formation Monitoring Strategy 


The storage formation will be monitored through pressure and temperature sensors, fluid 
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sampling and analysis, pulsed neutron capture (PNC) logging, time-lapse borehole seismic VSP 
data, and microseismic monitoring to characterize the development of the CO2 and pressure 
plumes over the injection and PISC phases of the project.  Fluid samples will be collected from 
the deep monitoring well on a biannual basis until the well becomes saturated with CO2, while the 
pressure gauges will be retrieved for data download. PNC logging will be used to determine the 
CO2 saturation adjacent to the injection and deep monitoring well.  The PNC logging will also 
confirm that CO2 has not migrated above the confining layer.   


Deep Monitoring Well Sampling 


The deep monitoring well will be used to monitor the pressure and CO2 plume development in the 
storage formation through the injection phase of the project.  Fluid samples will be collected on a 
semi-annual basis from the injection formation to monitor aqueous geochemistry changes within 
the formation.  The well will be swabbed to produce representative formation fluid in the well. 
During the swabbing process, the swab water will be analyzed in the field using a calibrated 
water quality meter (Horiba U-53, or similar). After swabbing the well, fluid samples will be 
collected using a bailer-style system.  Samples will be analyzed for constituents that can be used 
to measure changes in chemistry that would be caused by interaction with the injected CO2 (Table 
4).  Intertek Laboratories, or a similar laboratory, will analyze the geochemical species.  Isotech, 
or similar laboratory will be used to perform the isotopic analyses.  A set of memory-style 
pressure and temperature gauges (Petrotech PPS25 or similar) will also be placed in the deep 
monitoring well to track the pressure response due to CO2 injection.  These gauges will be 
programmed to collect data every 60 seconds.  


B.1.2 Type and Number of Samples/Test Runs 


The types, frequencies, and additional details of the sampling and monitoring methods are provided 
in Table 3 of this document. 


B.1.3 Site/Sampling Locations 


A network of shallow groundwater wells will be used,  and a deep ACZ groundwater 
monitoring well will be drilled. The geochemistry of the storage formation will be monitored 
using the deep monitoring well. 


The chemical composition, pressure and temperature, and mass flowrates of the CO2 injection 
stream will be monitored downstream of the last stage of compression and upstream of the 
injection well.  At the injection well, the wellhead and storage formation pressure and 
temperature will be measured along with the annular pressure and volume.  In addition, 
corrosion monitoring will be completed in the pipeline between the compressor and the 
injection well.  PNC logging will be performed in the ACZ well and the deep monitoring well 
to monitor the CO2 plume development in the storage formation as well as for potential 
migration of CO2 above the confining layer.  Temperature measurements will be acquired in 
the injection and deep monitoring wells on an annual basis to confirm external mechanical 
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integrity. 


B.1.4 Sampling Site Contingency 


The shallow groundwater, ACZ, and deep monitoring wells are all located on Cleco Power, LLC 
property where the Cleco Diamond Vault Project is located.  Access to the wells is not anticipated 
to be a problem over the course of the project.  The surface location of the wells are all located on 
land not near any residential buildings or any rough terrain. If inclement weather makes site 
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that 
would still meet permit-related conditions. 


B.1.5 Activity Schedule 


Table 3 provides the schedules for the sampling and monitoring activities along with other 
pertinent details regarding the techniques. 


B.1.6 Critical/Informational Data 


During data acquisition for the testing and monitoring activities, field and laboratory information 
will be documented in detail. Information will be recorded in field and laboratory forms and 
notebooks. Critical information will include the time and date of activity, person(s) performing 
activity, location of the activity or instrument, field or laboratory instrument calibration data, and 
field parameter values. For laboratory analyses, much of the critical data will be generated during 
the analysis and provided to the project in digital and printed formats. Noncritical data may 
include the appearance and problems with the wells or sampling/monitoring equipment, and 
weather conditions. 


B.1.7 Sources of Variability 


Potential sources of variability related to monitoring activities include: 


• Natural variations in fluid geochemistry, formation pressure and temperature, and seismic 
activity  


• Variation in fluid geochemistry, formation pressure and temperature, and seismic activity 
due to project operations  


• Changes in groundwater recharge due to rainfall, drought, and snowfall  


• Changes in instrument calibration during sampling or analytical activity  


• Variations in the staff collecting or analyzing samples 


• Differences in environmental conditions during field activities 


• Changes in analytical data quality during life of project 


• Data entry errors related to maintaining project database 
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Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:  


• Collection of long-term baseline data to observe and document natural variation in 
monitoring parameters 


• Evaluation of data in timely manner after collection to observe anomalies in data that can 
be addressed through resampling  


• Conducting statistical analysis of monitoring data to determine whether variability in a 
data set is the result of project activities or natural variation  


• Checking instrument calibration before, during and after sampling or sample analysis  


• Staff training 


• The use of standard operating procedures to describe testing and monitoring activities 


• Conducting laboratory QA checks using third party reference materials, and/or blind 
and/or replicate sample checks 


B.2. Sampling Methods 


Well logging, geophysical monitoring, and pressure/temperature monitoring do not apply to this 
section. 


B.2.1 Sampling SOPs 


Groundwater samples will be collected from the shallow groundwater wells using a low-flow 
sampling method consistent with ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a 
flow-through cell is not used, field parameters will be measured in grab samples. Groundwater 
wells will be purged to ensure samples are representative of formation water quality. Static water 
levels in each well will be determined using an electronic water level indicator before any 
purging or sampling activities begin. Dedicated pumps (e.g., bladder pumps) will be installed in 
each monitoring well to minimize potential cross contamination between wells. The pH, 
temperature, specific conductance, and dissolved oxygen of the purge water will be monitored in 
the field using portable probes and a flow-through cell consistent with standard methods given 
sufficient flow rates and volumes. Field chemistry probes will be calibrated at the beginning of 
each sampling day according to equipment manufacturer procedures using standard reference 
solutions. When a flow-through cell is used, field parameters will be continuously monitored and 
will be considered stable when three successive measurements made three minutes apart meet the 
criteria listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration will 
be filtered through 0.45 micrometer (µm) flow-through filter cartridges as appropriate and 
consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 
minimum of 100 milliliters (mL) of well water (or more if required by the filter manufacturer). 
For alkalinity and total CO2 samples, efforts will be made to minimize exposure to the 
atmosphere during filtration. 
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B.2.3 Continuous Monitoring 


The pressure and temperature in the deep monitoring wells will be continuously monitored using 
retrievable data-logging pressure/temperature gauges.  These data will be used to calibrate the 
computational modeling over the life of the project.   


B.2.4 Sample Homogenization, Composition, Filtration 


Sample homogenization, composition, and filtrations is described in Section B.2.1. 


B.2.5 Sample Containers and Volumes 


For CO2 stream monitoring, samples will be collected in a clean sample cylinder rated for the 
appropriate collection pressure provided by a laboratory such as Atlantic Analytical Laboratory. 


CO2 quarterly gas analysis will include: 


• CO2 Purity (% volume [v]/v, gas chromatograph [GC]) 


• Oxygen (O2, parts per million [ppm] v/v) 


• Nitrogen (N2, ppm v/v) 


• Hydrogen Sulfide (H2S ppm v/v) 


For shallow and deep fluid samples, all sample bottles will be new. Sample bottles for analytes 
will be used as received from the vendor or contract analytical laboratory for the analyte of 
interest. A summary of sample containers is presented in Table 17. 


B.2.6 Sample Preservation 


For groundwater and other aqueous samples, the preservation methods provided in Table 17 will be 
used. 
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placed in plastic bags for transport to the field for installation. All field glassware (pipets, 
beakers, filter holders, etc.) will be cleaned with tap water to remove any loose dirt and rinsed 
three times with deionized water before use. CO2 gas stream sampling cylinders will be 
decontaminated by the analytical lab, and no sampling equipment will be utilized with the 
corrosion coupons or annual field gauge calibrations. 


B.2.8 Support Facilities 


Field activities are usually completed in mobile laboratory vehicles or trailers located on site. 
Fluid sampling may require the use of an air compressor, vacuum pump, generator, filters, and 
analytical meters (pH, specific conductance, etc.). Sample tubing, connectors and valves 
required to sample the CO2 gas stream will be supplied by the analytical lab providing the 
sampling containers. Sampling will occur within the CO2 compression building. Similarly, 
corrosion coupons will be removed from the CO2 injection line. 


Field gauges will be removed from the injection deep monitoring and ACZ wells utilizing 
existing standard industry tools and equipment (slickline). Deployment and retrieval of the well 
gauges will be done using procedures and equipment recommended by the vendor, 
subcontractor, or as is standard per industry practice. 


B.2.9 Corrective Action, Personnel, and Documentation 


Field staff will be responsible for testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, 
then equipment will be returned to the manufacturer for repair or replacement. Significant 
corrective actions that occur during the sampling and data collection activities that affect 
analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section   and are omitted. 


Sample holding times will be consistent with standard methods (Table 17). After collection and 
any necessary preservation, samples will be placed in ice chests in the field and maintained 
thereafter at approximately 4 degrees Celsius (°C) until analysis. The samples will be 
maintained at their preservation temperature and sent to the designated laboratory within 24 
hours. Analysis of the samples will be completed within the holding time listed in Table 17. As 
appropriate, alternative sample containers and preservation techniques approved by the UIC 
Director will be used to meet analytical requirements. 


B.3.1 Maximum Hold Time/Time Before Retrieval 


See Table 17. 
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B.3.2 Sample Transportation 


See description in Section B.2. 


B.3.3 Sampling Documentation 


Field notes will be taken for all groundwater samples collected. These forms will be retained 
and archived as reference. The sample documentation is the responsibility of groundwater 
sampling personnel. A chain-of-custody form will be provided with each CO2 gas stream 
sample or fluid sample provided for analysis as shown in Figure 4 and Figure 5.   


B.3.4 Sample Identification 


All sample bottles will have waterproof labels with information denoting project, sampling 
date, sampling location, sample identification number, fluid sample, sample type, analyte, 
volume, filtration used (if any), and preservative used (if any). See Figure 3 for an example of 
a label. 
 


 
Figure 3: Example label for groundwater sample bottles. 


 


B.3.5 Sample Chain-of-Custody 


For CO2 stream analysis, a chain-of-custody form will accompany the sample to the laboratory 
(Figure 4). The chain-of-custody form will include sample identification (ID), sample collection 
date/time, sample pressure, and analytical requirements.  A chain-of-custody form will 
accompany the sample through the analytical process. Copies of the chain-of-custody forms will 
be retained for reference.  


For groundwater samples, the chain-of-custody will be documented using a standardized form. A 
typical form is shown in Figure 5, and a similar form will be used for all groundwater sampling. 
Copies of the chain-of-custody forms will be provided to the person or lab receiving the samples 
as well as the person or lab transferring the samples. These forms will be retained and archived to 
allow simplified tracking of sample status. The chain-of -custody form and record keeping is the 
responsibility of groundwater sampling personnel. 
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B.4. Analytical Methods 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section and are omitted. 


B.4.1 Analytical SOPs 


Analytical methods are referenced in  Table 5 and Table 6. Upon request, Cleco Power, LLC will 
provide the EPA with all laboratory SOPs developed for the specific parameter using the 
appropriate standard method.  


B.4.2 Equipment/Instrumentation Needed 


Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 5 and Table 6. 


B.4.3 Method Performance Criteria 


Nonstandard method performance criteria are not anticipated for this project. 


B.4.4 Analytical Failure 


Each laboratory conducting the analyses in Table 5 through Table 8 will be responsible 
for appropriately addressing analytical failure according to their individual SOPs. 


B.4.5 Sample Disposal 


Each laboratory conducting the analyses in Table 5 and Table 6 will be responsible for 
appropriate sample disposal according to their individual SOPs. 


B.4.6 Laboratory Turnaround 


Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical 
results within one month will be suitable for project needs. 


B.4.7 Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. 
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Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. 
 


 


 


ATLANTIC ANALYTICAL LABORATORY, LLC 
291 Route 22 East 


CHAIN OF CUSTODY FORM Salem Industrial Park – Building #2 
Lebanon, NJ 08833 


(908) 534-5600 
CUSTOMER NAME: PROJECT LOCATION: COMMENTS: 


SAMPLER SIGNATURE: CUSTOMER SIGNATURE: 


SAMPLING CUSTOMER 
CYLINDER 
NUMBER 


SAMPLE IDENTIFICATION 
(Lot Number, Batch Number, Receiving Number, Part Number, etc.) 


ANALYSIS 
REQUIRED 


ON-SITE 
ANALYSIS DATE / TIME CYLINDER 


NUMBER 
CYLINDER 


SIZE 


       


       


       


       


       


       


       


       


       


       


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


 


Page of  Form AALCOC Rev 6 25 Jun 2020 
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Figure 5: Example chain-of-custody form for the fluid sample analyses. 


 
 


B.5. Quality Control 


Geophysical monitoring and pressure/temperature monitoring do not apply to this section and 
are omitted. For wireline log QC, please refer to Attachment 1. 


B.5.1 QC Activities 


Blanks 


For shallow and deep groundwater/brine sampling, a field blank will be collected and analyzed 
for the inorganic analytes in Table 5 and Table 6 at a frequency of no less than one blank per field 
event. Field blanks will be exposed to the same field and transport conditions as the groundwater 
samples. Field blanks will be used to detect contamination resulting from the collection and 
transportation process.  


No field blanks will be collected for the injection stream sampling.  Contamination and 
representative sampling will be determined through the concentrations of nitrogen and helium 
(that have been spiked into the cylinder) in the sample. 


 


 
 
 
 


Office: _ 
• Job Order Number: _ 


NON COMMERCIAL BILL OF LADING 


CHAIN OF CUSTODY   O   SAMPLE TRANSPORTATION RECORD O   SAMPLE DISTRIBUTION RECORD O   SAMPLE RECEIPT 0 
Point of Origin Intermediary Destination 


 


Full Name 
And Address  


  


Relinquished By  Received By  Received By  
Print  Print  Print  
Date  Date  Date  
Time  Time  Time  


* I hereby declare that the contents of this consignment are fully and accurately described below by the correct technical name(s) (Proper Shipping Name[s]), and are classified, packaged, marked and 
labeled/placard ed, and are in all respects in proper condition for transport according to applicable international and national government regulations. 


Delivered By: Intertek / Commercial carrier 
Inspector/ Driver:                                                                
Carrier:     
Air Bill Number:                                                                     
Date Shipped:      


(circle one) 
 
 
 
 


Note: All volumes must be in Metric units 


Customer Product Description 
Product 1 :  _ 
Product 2: _ 
Product 3 :  _ 
Product 4: _ 


 


UN 
NUM B E R PROPER SHIPPING NAME 


HAZ AR D OU S 
CLASS 


NUMBER 
PACKING 


GROUP 
PRODUCT 
NUMBER 


NUMBEROF 
SAMPLES 


CONTAINER 
SIZE 


SAMPLE SOURCE SEAL 
NUMBER(S) 


         
         
         
         
         
         
         
         
         
         
         
         
         
         


 
 
 
 
 
 


   


 


lntertek 
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Duplicates 


For each fluid sampling round, at least one duplicate sample will be collected from a well. 
Duplicate samples will be collected from the same source immediately after the original sample in 
different sample containers and processed as all other samples. Duplicate samples will be used to 
assess sample heterogeneity and analytical precision. 


B.5.2 Exceeding Control Limits 


If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will be done by evaluating the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the method. The method 
indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and interlaboratory 
results.  If available, suspect ion analyses will then be brought to the attention of the analytical 
laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, the suspect data will be identified and may be given less importance in 
data interpretations. Additional samples may be collected for repeat analyses to confirm the 
analytical results. 


B.5.3 Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine correctness of analyses based on the anion-
cation charge balance calculation. Since fluid samples should be electrically neutral, the 
chemical analyses should yield equally negative and positive ionic activity. The anion-cation 
charge balance will be calculated using the formula: 
 


% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 100 ∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐−∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 
∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐+∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 


where the sums of the ions are represented in milliequivalents per liter and the criteria for 
acceptable charge balance is ±10%. 
Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula: 


1.0 < 𝑚𝑚𝑑𝑑𝑐𝑐𝑐𝑐𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇  < 1.2 
𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇 


 


where the anticipated values are between 1.0 and 1.2. 


Outliers 


, (Equation 
 


, (Equation 
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The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (March 2009) as a basis for 
selection of recommended statistical methods to identify outliers in water/brine chemistry data 
sets as appropriate. These techniques include probability plots, box plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to identify 
potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Logging tool equipment will be maintained as per wireline industry best practices (Attachment 1). 


All pressure, temperature, and mass flow measurement equipment will be maintained per the 
manufacturer’s specifications.  Any necessary calibrations or repairs will also be performed per 
the manufacturer’s specification or by the manufacturer of the equipment.   


For fluid sampling, the field equipment will be maintained, factory serviced, and factory 
calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 
will be included in supplies on hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility 
of the analytical laboratory per standard practice, method-specific protocol, or National 
Environmental Laboratory Accreditation Program (NELAP) requirement. 


B.7. Instrument/Equipment Calibration and Frequency 


Geophysical monitoring does not apply to this section and is omitted. 


B.7.1 Calibration and Frequency of Calibration 


Pressure and temperature gauge calibration information will be performed annually.  Logging 
tool calibration will be at the discretion of the service company providing the equipment and 
following standard industry practices noted in Attachment 1.  


For groundwater sampling, the portable field meters or multiprobe sondes used to determine 
field parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be 
calibrated according to manufacturer recommendations and equipment manuals (i.e., each day 
before sample collection begins).  Recalibration will be performed if any components yield 
atypical values or fail to stabilize during sampling. 


B.7.2 Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices in Attachment 1. 


The pressure, temperature, and mass flow meters will be calibrated annually.   


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 
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potassium chloride solution yielding a value of 1413 microsiemens per centimeter (µS/cm) at 
25°C for specific conductance, and a 100% dissolved O2 solution for dissolved oxygen. 
Calibration is performed for the pH meters per manufacturer’s specifications using a 2-point 
calibration bounding the range of the sample. For coulometry, sodium carbonate standards 
(typically yielding a concentration of 4,000 milligrams [mg] CO2/L) are routinely analyzed to 
evaluate the instrument. 


B.7.3 Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry 
practices in Attachment 1. 


Manufacturers of the pressure, temperature, and mass flow equipment will provide 
calibration certifications for their equipment.  If calibration cannot be achieved with the 
equipment, this piece of equipment will be replaced with a new or calibrated piece of 
equipment. 


For groundwater sampling, calibration values are recorded in daily sampling records and any 
errors in calibration are noted. For parameters where calibration is not acceptable, redundant 
equipment may be used so loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.1 Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 
accepted as required from vendors approved by Cleco Power, LLC, or the respective 
subcontractor responsible for the data collection activity. Acquisition of supplies and 
consumables related to groundwater analyses will be the responsibility of the laboratory per 
established standard methodology or SOPs. 


B.9. Non-direct Measurements 


B.9.1 Seismic Monitoring Methods 


Data Sources 


Borehole seismic VSP surveys will be conducted at regular intervals during and after CO2 
injection. Each of these surveys will be compared to the baseline survey which was acquired 
before the start of CO2 injection. It is important that the only difference between the surveys is 
the change in acoustic properties of the injection formation caused by the presence of CO2. 
Consequently, repeatability of source and receiver types and spacing, source size, and other 
acquisition parameters between surveys is paramount for an accurate comparison.  
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Relevance to Project 


Time-lapse borehole seismic VSP surveys will be used to track changes in the CO2 plume in the 
subsurface. A modeling exercise will be completed to confirm that the planned injected volumes 
of CO2 will result in sufficient change in the rock properties of the injection formation to be 
measured with 3D seismic. 


Processing and comparing subsequent surveys to a baseline survey will allow the project to 
monitor plume growth as well as to ensure that the plume does not migrate beyond the confining 
layer. Computational modeling will be used to predict the CO2 plume growth and migration over 
time by combining the processed seismic data with the existing geologic model. 


Acceptance Criteria 


To ensure survey repeatability, consistent acquisition geometry is required. The seismic sources 
(vibroseis trucks) should be the same for each survey, including the number of trucks, their 
specifications, and the characteristics (sweep parameters) of the seismic energy they generate.  


Data processing for each survey should be the same and the baseline seismic survey should be 
reprocessed alongside each additional repeat seismic survey to ensure consistency. 


Resources/Facilities Needed 


Cleco Power, LLC will subcontract all necessary resources and facilities for seismic monitoring, 
in-zone pressure monitoring, and groundwater sampling. 


Validity Limits and Operating Conditions 


For seismic surveys and computational modeling, intraorganizational checks between trained and 
experienced personnel will ensure that all surveys and computational modeling are conducted 
conforming to standard industry practices. 


B.10. Data Management 


B.10.1 Data Management Scheme 


Cleco Power, LLC or a designated contractor will maintain the project data required in the 
permit. Data will be backed up in electronic format and/or held on secure servers. A separate 
Data Management Plan will be developed to track and store project data. 


B.10.2 Record-keeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 
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B.10.3 Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 
industry techniques and/or manufacturer’s requirements.  


B.10.4 Responsibility 


The primary project managers will be responsible for ensuring proper data management is 
maintained. 


B.10.5 Data Archival and Retrieval 


All data will be held by Cleco Power, LLC. These data will be maintained and stored for 
auditing purposes as described in Section B.10.1. 


B.10.6 Hardware and Software Configurations 


All Cleco Power, LLC and vendor hardware and software configurations will be appropriately 
interfaced. 


B.10.7 Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 


C. Assessment and Oversight 


C.1. Assessments and Response Actions 


C.1.1 Activities to be Conducted 


Groundwater quality data will be collected at the frequency outlined in Table 4. After completion 
of sample analysis, results will be reviewed for QC criteria, as noted in Section B.5. If the data 
quality fails to meet criteria set in Section B.5, samples will be reanalyzed, if still within holding 
time criteria. If outside of holding time criteria or at the operator’s choosing, additional samples 
may be collected, or sample results may be excluded from data evaluations and interpretations. 
Evaluation for data consistency will be performed according to procedures described in the EPA 
2009 Unified Guidance (EPA, 2009). 


C.1.2 Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 
stop-work orders will be handled internally within individual organizations. 


C.1.3 Assessment Reporting 


All assessment information should be reported to the individual organizations’ project manager 
outlined in Section A.1.1. 
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C.1.4 Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 
should be addressed, verified, and documented by the individual project managers and 
communicated to the other project managers as necessary. Corrective actions affecting multiple 
organizations should be addressed by all members of the project leadership and communicated to 
other members on the distribution list for the QASP. Assessments may require integration of 
information from multiple monitoring sources across organizations (operational, in-zone 
monitoring, above-zone monitoring) to determine whether correction actions are required and/or 
the most cost-efficient and effective action to implement. Cleco Power, LLC will coordinate 
multiorganization assessments and corrective actions as warranted based on the severity of the 
event as described in the Emergency and Remedial Response Plan (Permit Section 10.0). 


C.2. Reports to Management 


C.2.1 QA Status Reports 


QA status reports should not be needed. If any testing or monitoring techniques are changed, the 
QASP will be reviewed and updated as appropriate in consultation with EPA. Revised QASPs 
will be distributed by Cleco Power, LLC to the full distribution list at the beginning of this 
document. 


D. Data Validation and Usability 


D.1. Data Review, Verification, and Validation 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data 


The groundwater/brine and injection stream analytical data validation will include the review of 
the concentration units, sample holding times, and the review of duplicate, blank and other 
appropriate QA/QC results. All analytical results will be entered into a database or spreadsheet 
with periodic data review and analysis. Cleco Power, LLC will retain copies of the laboratory 
analytical test results and/or reports. Analytical results will be reported on a frequency based on 
the approved UIC permit conditions. In the periodic reports, data will be presented in graphical 
and tabular formats as appropriate to characterize general system operations and variability with 
time.  


D.2. Verification and Validation Methods  


D.2.1 Data Verification and Validation Processes  
See Sections D.1.1. and B.5 for data verification and validation processes. 


Appropriate statistical software will be used to determine data consistency. 
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D.2.2 Data Verification and Validation Responsibility 


Cleco Power, LLC or its designated subcontractor will verify and validate the injection stream and 
groundwater analytical data. 


D.2.3 Issue Resolution Process and Responsibility 


Cleco Power, LLC or its designated coordinator will provide an overview of the injection stream 
and groundwater data handling, management, and assessment process. Staff involved in these 
processes will consult with the coordinator to determine actions that are required to resolve 
issues. 


D.2.4 Checklist, Forms, and Calculations 


Checklists and forms will be developed specifically to meet permit requirements.  


D.3. Reconciliation with User Requirements 


D.3.1 Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency. 


D.3.2 Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed 
by their respective organizations is presented with the appropriate data-use limitations. 


Cleco Power, LLC will use the current operating procedure for the use, sharing, and 
presentation of results and/or data for the Cleco Diamond Vault Project. This procedure has 
been developed to ensure quality, internal consistency and facilitate tracking and record keeping 
of data end-users and associated publications. 
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Distribution List 
 
The following project participants (Table 1) will receive the completed Quality Assurance and 
Surveillance Plan (QASP) and all future updates for the duration of the project. The Cleco 
Power, LLC VP Generation Operations will be responsible for ensuring that all of those on the 
distribution list receive the most current copy of the approved QASP.   
 
 
 


Table 1: Distribution list. 
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A.1.2 Independence from Project QA Manager and Data Gathering 


To ensure quality assurance (QA), the sample collection process, data analysis and processing 
will be performed or witnessed by independent third parties outside the management structure in 
most cases. 


A.1.3 QA Project Plan Responsibility 


Cleco Power, LLC will be responsible for maintaining and distributing the official, approved 
QASP and will periodically review this QASP and consult with EPA when changes to the plan 
are required. 


A.1.4 Organizational Chart for Key Project Personnel 


Figure 1 shows the organizational structure of the Cleco Diamond Vault Project. Cleco Power, 
LLC will provide a contact list of individuals fulfilling these roles to the Underground Injection 
Control (UIC) Program Director, if required.  


Figure 1: Cleco Power, LLC project organization structure. 
 


A.2. Problem Definition/Background 


A.2.1  Reasoning 


The goals of the Testing and Monitoring Plan (Permit Section 7.0) include:  


• Protecting underground sources of drinking water (USDWs) 


• Meeting the regulatory requirements of 40 Code of Federal Regulations (CFR) 146.90 


• Ensuring that the injection well is operating as planned 


• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of carbon dioxide (CO2) within the injection zone 


• Support Area of Review (AoR) re-evaluations over the course of the project 


Sensitive, Confidential, or Privileged Information
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These objectives will be met through the collection of pressure/temperature data within and 
above the storage formation, the collection of groundwater and fluid samples from shallow and 
deep monitoring wells, wireline logging techniques, pressure/temperature measurements in the 
tubing and annular space of the injection well and deep monitoring wells, sample 
collection/analysis of the injection stream, and geophysical monitoring. 


This QASP was developed to ensure the quality standards of the Testing and Monitoring Plan to 
meet the requirements of the EPA UIC Program for Class VI wells. 


 


A.2.2 Reasons for Initiating the Project 
 
The objective of the Cleco Diamond Vault Project is to store injected CO2 safely and permanently in 
the injection formation. The Testing and Monitoring Plan for this project has been designed to 
confirm the safe and permanent storage of the CO2 within the intended storage reservoir.   


A.2.3 Regulatory Information, Applicable Criteria, Action Limits 


EPA regulation 40 CFR 146 Subpart H requires owners or operators of Class VI wells to monitor 
several parameters over the life of the project to ensure that: 


• Mechanical integrity of the injection well is maintained 


• Fluid migration and the extent of pressure elevation are within the limits described in the 
permit application 


• USDWs are not endangered  


Monitoring activities include mechanical integrity tests (MITs), pressure fall-off (PFO) tests 
during the injection phase of the project, monitoring of shallow and deep groundwater quality, and 
development of the CO2 plume and associated pressure front. This document details the 
measurements that will be required as well as the steps used to ensure that the quality of all data is 
such that it can be used in the decision-making process over the life of the project. 


A.3. Project/Task Description 


A.3.1 Summary of Work to be Performed and Work Schedule 


Table 3 and Table 4 describe a summary of the testing and monitoring tasks, reasoning, 
responsible parties, locations, and testing frequency.  
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A.3.2 Geographic Locations 
 
Figure 2 shows the Cleco Diamond Vault Project site. 
 


Figure 2: Cleco Diamond Vault Project area. 


Sensitive, Confidential, or Privileged Information
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A.3.3 Resource and Time Constraints 


Cleco Power, LLC proposes a 10-year post injection site care (PISC) phase. Computer Modelling 
Group (CMG-GEM) simulations will be run throughout the project and matched with actual field 
data collected under the Testing and Monitoring Plan.  The simulations and field testing will 
confirm that plume stability modeling will be accurate beyond the 10-year period.  


A.4. Quality Objectives and Criteria 


A.4.1 Performance/Measurement Criteria 


The overall QA objective for the Testing and Monitoring Plan is to develop and implement 
procedures to monitor the CO2 injection system, development of the CO2 plume and associated 
pressure front, and to confirm that CO2 or other fluids have not migrated beyond the confining 
layer.  This objective will be accomplished through the implementation of the methods provided 
in Table 3 and Table 4. The tables below (Table 5 to Table 15) detail the specific performance and 
measurement criteria for each testing and monitoring output.   
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A.4.2 Precision 


The specification and precision of each monitoring method are detailed in the tables above. For 
groundwater sampling, the accuracy of the data will be assessed by the collection and analysis 
of field blanks to test sampling procedures and matrix spikes to test lab procedures.  Field 
blanks will be taken no less than one per sampling event to determine if the sample bottle is 
contaminated.  Laboratory assessment of analytical precision will be the responsibility of the 
individual laboratories per their standard operating procedures (SOPs).   


A.4.3 Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 
per their SOPs and analytical methodologies. For direct pressure or logging measurements, there 
is no bias. 


A.4.4 Representativeness 


For groundwater sampling, data representativeness expresses the degree to which data accurately 
and precisely represent a characteristic of a population, parameter variations at a sampling point, 
a process condition, or an environmental condition. The sampling network has been designed to 
provide data that are representative of site conditions. For the analytical results of individual 
groundwater samples, representativeness will be estimated by ion charge and mass balances. Ion 
balances with ±10% error or less will be considered valid. Mass balance assessment will be used 
in cases where the ion balance is greater than ±10% to help determine the source of error. For a 
sample and its duplicate, if the relative percent difference (RPD) is greater than 10%, the sample 
may be considered non-representative.  


A.4.5 Completeness 


For groundwater sampling, data completeness is a measure of the amount of valid data obtained 
from a   measurement system compared to the amount that was expected to be obtained under 
normal conditions. It is anticipated that data completeness of 90% for groundwater sampling will 
be acceptable to meet monitoring goals. For direct pressure, temperature, and flow measurements, 
it is expected that data will be recorded no less than 90% of the time. 


A.4.6 Comparability 


Data comparability expresses the confidence with which one data set can be compared to 
another. The data sets to be generated by this project will be very comparable to future data sets 
because of the use of standard methods and the level of quality assurance/quality control 
(QA/QC) effort. Direct pressure, temperature, and logging measurements will be directly 
comparable to previously obtained baseline or project data. 
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A.5. Special Training/Certifications 


A.5.1 Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 
qualified, and certified personnel, according to the service company which provides the 
equipment. The subsequent data will be processed and analyzed according to industry standards. 
Examples of these are shown in Attachment 1.  


No specialized certifications are required for personnel conducting groundwater sampling, but 
field sampling will be conducted by trained personnel. Groundwater sampling will be conducted 
by personnel trained to understand and follow the project-specific sampling procedures.  


Upon request, the agency will be provided with all laboratory SOPs developed for the specific 
parameter using the appropriate standard method. Each laboratory technician conducting the 
analysis on the samples will be trained on the SOP developed for each standard method. The 
technician’s training certification will be included with the biannual report. 


A.5.2 Training Provider and Responsibility 


Training for personnel will be provided by the operator or by the subcontractor responsible for 
the data collection activity. 


A.6. Documentation and Records 


A.6.1 Report Format and Package Information 


A semi-annual report from Cleco Power, LLC to EPA will contain all required project data, 
including the testing and monitoring information as specified by the UIC Class VI permit. 
Data will be provided in electronic or other formats as required by the UIC Director. 


A.6.2 Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data 
will be provided as required by the UIC Director. 


A.6.3 Data Storage and Duration 


Cleco Power, LLC or a designated contractor will maintain the required project data as provided 
elsewhere in the permit. 


A.6.4 QASP Distribution Responsibility 


The Cleco Power LLC Manager will be responsible for ensuring that all those on the 
distribution list will receive the most current copy of the approved QASP. 
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B. Data Generation and Acquisition 


B.1. Sampling Process Design (Experimental Design) 


During the pre-injection phase, fluid samples will be collected and analyzed for parameters listed 
in Table 5 and Table 6 of geochemical parameters to establish baseline conditions of the fluids 
within the target formations.  Regular sampling will be performed during the injection and post-
injection phases of the project to track the migration of CO2 through the storage formation and to 
confirm that CO2 and other fluids of interest have not migrated out of the storage formation. 
Analytes will include selected constituents that are:  


• Primary and secondary EPA drinking water contaminants 


• Those most responsive in the interaction of CO2 with the formation fluids and minerals 


• Those needed for QC 


The full set of selected parameters for each sampling interval is given in Table 5 and Table 6. All 
samples will be analyzed using a laboratory that meets the requirements under the EPA 
Environmental Laboratory Accreditation Program. Isotopic analysis will be conducted using 
established methods. The pressure, temperature, and flowrate of the CO2 injection stream will be 
monitored on a continuous basis using instrumentation located in the flowline between the final 
compression stage and the wellhead.  In addition, samples of the injection stream will be collected 
on a quarterly basis for analysis.  The sampling and analysis will be completed to ensure 
compliance with the approved Class VI permit.   


B.1.1 Design Strategy 


CO2 Stream Monitoring Strategy 


Regular sampling of the CO2 stream provides an evaluation of the potential interactions of the 
CO2 and other constituents of the injection stream with mineral components and fluids within the 
storage formation. It can also identify increases in trace components, such as water content, that 
could accelerate well corrosion and negatively impact well integrity. Minor variation (<5%) is 
expected in the composition of the injected CO2 stream which will pass through two scrubbers 
prior to entering the compressor and the pipeline.  As a result, quarterly sampling of the CO2 
injection stream will be sufficient to accurately track the composition of the stream. An initial 
calibration and validation of the instruments will be performed by the manufacturers and will be 
verified by the project on a regular basis.  


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to assess the mechanical integrity of the 
well components that are in contact with the CO2. The coupons will be assessed for signs of 
corrosion and any loss of mass thickness, cracking, pitting, and other signs of corrosion that could 
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be indicative of future well integrity issues.  The analysis will be in accordance with National 
Association of Corrosion Engineers (NACE) Standard RP-0775 (or similar) to determine and 
document corrosion wear rates. 


Shallow Groundwater Monitoring Strategy 


There is an existing, extensive, groundwater monitoring program in place at the facility. A subset 
of this network will be selected, and supplemented with additional wells, to provide the required 
sampling coverage across the AoR.   


Baseline groundwater samples will be acquired from these wells to characterize the seasonal 
variations in water quality within the AoR prior to the start of CO2 injection.  These groundwater 
samples will also have their geochemistry and stable isotopes analyzed.  Throughout the injection 
and PISC phases of the project, the results of the aqueous geochemistry and isotope analyses will 
be compared to the baseline conditions for any indication of CO2 or brine migration into the 
shallow groundwater aquifer. 


Deep Groundwater Monitoring Strategy 


A deep, above confining zone (ACZ) groundwater well will be drilled for the project (40 CFR 
146.90 (d)) near the injection well to monitor the aquifers immediately above the confining layer 
in the event that there is CO2 or brine migration out of the storage formation along the injection 
wellbore (Figure 2). This well will allow for pressure and temperature monitoring as well as 
periodic fluid sampling in the deepest USDW. The well will be equipped with memory-style 
pressure gauges in the tubing string, such as Pioneer Petrotech PPS25 or similar, that record data 
every 60 seconds. The well will be configured in such a way as to isolate these formations such 
that the gauges measure the pressure from each interval separately. The well will also be 
equipped with fiber optic (FO) cable installed behind the casing for continuous distributed 
temperature sensing (DTS). A bailer system will be used to collect the fluid samples to evaluate 
geochemical changes in groundwater fluids. Samples will be analyzed for field constituents using 
a calibrated water quality meter (Horiba U-53, or similar).  The geochemical analyses will be 
performed by Intertek Laboratories, or a similar laboratory.  The isotopic analyses will be 
performed by Isotech Laboratories, or a similar laboratory.   


CO2 or brine migration into the deepest USDW will most likely be first identified through pressure 
changes in the formation. The presence of CO2 or brine in the overlying aquifers can be further 
confirmed through aqueous geochemistry data and analysis of isotopes. If deep early-detection 
monitoring data indicate that CO2 has migrated out of the primary storage formation, it will trigger 
external well integrity testing of the injection and deep monitoring wells.  It may also trigger a 
time-lapse borehole seismic VSP survey earlier than initially planned. 


Storage Formation Monitoring Strategy 


The storage formation will be monitored through pressure and temperature sensors, fluid 
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sampling and analysis, pulsed neutron capture (PNC) logging, time-lapse borehole seismic VSP 
data, and microseismic monitoring to characterize the development of the CO2 and pressure 
plumes over the injection and PISC phases of the project.  Fluid samples will be collected from 
the deep monitoring well on a biannual basis until the well becomes saturated with CO2, while the 
pressure gauges will be retrieved for data download. PNC logging will be used to determine the 
CO2 saturation adjacent to the injection and deep monitoring well.  The PNC logging will also 
confirm that CO2 has not migrated above the confining layer.   


Deep Monitoring Well Sampling 


The deep monitoring well will be used to monitor the pressure and CO2 plume development in the 
storage formation through the injection phase of the project.  Fluid samples will be collected on a 
semi-annual basis from the injection formation to monitor aqueous geochemistry changes within 
the formation.  The well will be swabbed to produce representative formation fluid in the well. 
During the swabbing process, the swab water will be analyzed in the field using a calibrated 
water quality meter (Horiba U-53, or similar). After swabbing the well, fluid samples will be 
collected using a bailer-style system.  Samples will be analyzed for constituents that can be used 
to measure changes in chemistry that would be caused by interaction with the injected CO2 (Table 
4).  Intertek Laboratories, or a similar laboratory, will analyze the geochemical species.  Isotech, 
or similar laboratory will be used to perform the isotopic analyses.  A set of memory-style 
pressure and temperature gauges (Petrotech PPS25 or similar) will also be placed in the deep 
monitoring well to track the pressure response due to CO2 injection.  These gauges will be 
programmed to collect data every 60 seconds.  


B.1.2 Type and Number of Samples/Test Runs 


The types, frequencies, and additional details of the sampling and monitoring methods are provided 
in Table 3 of this document. 


B.1.3 Site/Sampling Locations 


A network of shallow groundwater wells will be used,  and a deep ACZ groundwater 
monitoring well will be drilled. The geochemistry of the storage formation will be monitored 
using the deep monitoring well. 


The chemical composition, pressure and temperature, and mass flowrates of the CO2 injection 
stream will be monitored downstream of the last stage of compression and upstream of the 
injection well.  At the injection well, the wellhead and storage formation pressure and 
temperature will be measured along with the annular pressure and volume.  In addition, 
corrosion monitoring will be completed in the pipeline between the compressor and the 
injection well.  PNC logging will be performed in the ACZ well and the deep monitoring well 
to monitor the CO2 plume development in the storage formation as well as for potential 
migration of CO2 above the confining layer.  Temperature measurements will be acquired in 
the injection and deep monitoring wells on an annual basis to confirm external mechanical 
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integrity. 


B.1.4 Sampling Site Contingency 


The shallow groundwater, ACZ, and deep monitoring wells are all located on Cleco Power, LLC 
property where the Cleco Diamond Vault Project is located.  Access to the wells is not anticipated 
to be a problem over the course of the project.  The surface location of the wells are all located on 
land not near any residential buildings or any rough terrain. If inclement weather makes site 
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that 
would still meet permit-related conditions. 


B.1.5 Activity Schedule 


Table 3 provides the schedules for the sampling and monitoring activities along with other 
pertinent details regarding the techniques. 


B.1.6 Critical/Informational Data 


During data acquisition for the testing and monitoring activities, field and laboratory information 
will be documented in detail. Information will be recorded in field and laboratory forms and 
notebooks. Critical information will include the time and date of activity, person(s) performing 
activity, location of the activity or instrument, field or laboratory instrument calibration data, and 
field parameter values. For laboratory analyses, much of the critical data will be generated during 
the analysis and provided to the project in digital and printed formats. Noncritical data may 
include the appearance and problems with the wells or sampling/monitoring equipment, and 
weather conditions. 


B.1.7 Sources of Variability 


Potential sources of variability related to monitoring activities include: 


• Natural variations in fluid geochemistry, formation pressure and temperature, and seismic 
activity  


• Variation in fluid geochemistry, formation pressure and temperature, and seismic activity 
due to project operations  


• Changes in groundwater recharge due to rainfall, drought, and snowfall  


• Changes in instrument calibration during sampling or analytical activity  


• Variations in the staff collecting or analyzing samples 


• Differences in environmental conditions during field activities 


• Changes in analytical data quality during life of project 


• Data entry errors related to maintaining project database 
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Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:  


• Collection of long-term baseline data to observe and document natural variation in 
monitoring parameters 


• Evaluation of data in timely manner after collection to observe anomalies in data that can 
be addressed through resampling  


• Conducting statistical analysis of monitoring data to determine whether variability in a 
data set is the result of project activities or natural variation  


• Checking instrument calibration before, during and after sampling or sample analysis  


• Staff training 


• The use of standard operating procedures to describe testing and monitoring activities 


• Conducting laboratory QA checks using third party reference materials, and/or blind 
and/or replicate sample checks 


B.2. Sampling Methods 


Well logging, geophysical monitoring, and pressure/temperature monitoring do not apply to this 
section. 


B.2.1 Sampling SOPs 


Groundwater samples will be collected from the shallow groundwater wells using a low-flow 
sampling method consistent with ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a 
flow-through cell is not used, field parameters will be measured in grab samples. Groundwater 
wells will be purged to ensure samples are representative of formation water quality. Static water 
levels in each well will be determined using an electronic water level indicator before any 
purging or sampling activities begin. Dedicated pumps (e.g., bladder pumps) will be installed in 
each monitoring well to minimize potential cross contamination between wells. The pH, 
temperature, specific conductance, and dissolved oxygen of the purge water will be monitored in 
the field using portable probes and a flow-through cell consistent with standard methods given 
sufficient flow rates and volumes. Field chemistry probes will be calibrated at the beginning of 
each sampling day according to equipment manufacturer procedures using standard reference 
solutions. When a flow-through cell is used, field parameters will be continuously monitored and 
will be considered stable when three successive measurements made three minutes apart meet the 
criteria listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration will 
be filtered through 0.45 micrometer (µm) flow-through filter cartridges as appropriate and 
consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 
minimum of 100 milliliters (mL) of well water (or more if required by the filter manufacturer). 
For alkalinity and total CO2 samples, efforts will be made to minimize exposure to the 
atmosphere during filtration. 
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B.2.3 Continuous Monitoring 


The pressure and temperature in the deep monitoring wells will be continuously monitored using 
retrievable data-logging pressure/temperature gauges.  These data will be used to calibrate the 
computational modeling over the life of the project.   


B.2.4 Sample Homogenization, Composition, Filtration 


Sample homogenization, composition, and filtrations is described in Section B.2.1. 


B.2.5 Sample Containers and Volumes 


For CO2 stream monitoring, samples will be collected in a clean sample cylinder rated for the 
appropriate collection pressure provided by a laboratory such as Atlantic Analytical Laboratory. 


CO2 quarterly gas analysis will include: 


• CO2 Purity (% volume [v]/v, gas chromatograph [GC]) 


• Oxygen (O2, parts per million [ppm] v/v) 


• Nitrogen (N2, ppm v/v) 


• Hydrogen Sulfide (H2S ppm v/v) 


For shallow and deep fluid samples, all sample bottles will be new. Sample bottles for analytes 
will be used as received from the vendor or contract analytical laboratory for the analyte of 
interest. A summary of sample containers is presented in Table 17. 


B.2.6 Sample Preservation 


For groundwater and other aqueous samples, the preservation methods provided in Table 17 will be 
used. 
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pumped through the pump and sample tubing. Individual cleaned pumps and tubing will be 
placed in plastic bags for transport to the field for installation. All field glassware (pipets, 
beakers, filter holders, etc.) will be cleaned with tap water to remove any loose dirt and rinsed 
three times with deionized water before use. CO2 gas stream sampling cylinders will be 
decontaminated by the analytical lab, and no sampling equipment will be utilized with the 
corrosion coupons or annual field gauge calibrations. 


B.2.8 Support Facilities 


Field activities are usually completed in mobile laboratory vehicles or trailers located on site. 
Fluid sampling may require the use of an air compressor, vacuum pump, generator, filters, and 
analytical meters (pH, specific conductance, etc.). Sample tubing, connectors and valves 
required to sample the CO2 gas stream will be supplied by the analytical lab providing the 
sampling containers. Sampling will occur within the CO2 compression building. Similarly, 
corrosion coupons will be removed from the CO2 injection line. 


Field gauges will be removed from the injection deep monitoring and ACZ wells utilizing 
existing standard industry tools and equipment (slickline). Deployment and retrieval of the well 
gauges will be done using procedures and equipment recommended by the vendor, 
subcontractor, or as is standard per industry practice. 


B.2.9 Corrective Action, Personnel, and Documentation 


Field staff will be responsible for testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, 
then equipment will be returned to the manufacturer for repair or replacement. Significant 
corrective actions that occur during the sampling and data collection activities that affect 
analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section   and are omitted. 


Sample holding times will be consistent with standard methods (Table 17). After collection and 
any necessary preservation, samples will be placed in ice chests in the field and maintained 
thereafter at approximately 4 degrees Celsius (°C) until analysis. The samples will be 
maintained at their preservation temperature and sent to the designated laboratory within 24 
hours. Analysis of the samples will be completed within the holding time listed in Table 17. As 
appropriate, alternative sample containers and preservation techniques approved by the UIC 
Director will be used to meet analytical requirements. 


B.3.1 Maximum Hold Time/Time Before Retrieval 


See Table 17. 
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B.3.2 Sample Transportation 


See description in Section B.2. 


B.3.3 Sampling Documentation 


Field notes will be taken for all groundwater samples collected. These forms will be retained 
and archived as reference. The sample documentation is the responsibility of groundwater 
sampling personnel. A chain-of-custody form will be provided with each CO2 gas stream 
sample or fluid sample provided for analysis as shown in Figure 4 and Figure 5.   


B.3.4 Sample Identification 


All sample bottles will have waterproof labels with information denoting project, sampling 
date, sampling location, sample identification number, fluid sample, sample type, analyte, 
volume, filtration used (if any), and preservative used (if any). See Figure 3 for an example of 
a label. 
 


 
Figure 3: Example label for groundwater sample bottles. 


 


B.3.5 Sample Chain-of-Custody 


For CO2 stream analysis, a chain-of-custody form will accompany the sample to the laboratory 
(Figure 4). The chain-of-custody form will include sample identification (ID), sample collection 
date/time, sample pressure, and analytical requirements.  A chain-of-custody form will 
accompany the sample through the analytical process. Copies of the chain-of-custody forms will 
be retained for reference.  


For groundwater samples, the chain-of-custody will be documented using a standardized form. A 
typical form is shown in Figure 5, and a similar form will be used for all groundwater sampling. 
Copies of the chain-of-custody forms will be provided to the person or lab receiving the samples 
as well as the person or lab transferring the samples. These forms will be retained and archived to 
allow simplified tracking of sample status. The chain-of -custody form and record keeping is the 
responsibility of groundwater sampling personnel. 
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B.4. Analytical Methods 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section and are omitted. 


B.4.1 Analytical SOPs 


Analytical methods are referenced in  Table 5 and Table 6. Upon request, Cleco Power, LLC will 
provide the EPA with all laboratory SOPs developed for the specific parameter using the 
appropriate standard method.  


B.4.2 Equipment/Instrumentation Needed 


Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 5 and Table 6. 


B.4.3 Method Performance Criteria 


Nonstandard method performance criteria are not anticipated for this project. 


B.4.4 Analytical Failure 


Each laboratory conducting the analyses in Table 5 through Table 8 will be responsible 
for appropriately addressing analytical failure according to their individual SOPs. 


B.4.5 Sample Disposal 


Each laboratory conducting the analyses in Table 5 and Table 6 will be responsible for 
appropriate sample disposal according to their individual SOPs. 


B.4.6 Laboratory Turnaround 


Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical 
results within one month will be suitable for project needs. 


B.4.7 Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. 
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Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. 
 


 


 


ATLANTIC ANALYTICAL LABORATORY, LLC 
291 Route 22 East 


CHAIN OF CUSTODY FORM Salem Industrial Park – Building #2 
Lebanon, NJ 08833 


(908) 534-5600 
CUSTOMER NAME: PROJECT LOCATION: COMMENTS: 


SAMPLER SIGNATURE: CUSTOMER SIGNATURE: 


SAMPLING CUSTOMER 
CYLINDER 
NUMBER 


SAMPLE IDENTIFICATION 
(Lot Number, Batch Number, Receiving Number, Part Number, etc.) 


ANALYSIS 
REQUIRED 


ON-SITE 
ANALYSIS DATE / TIME CYLINDER 


NUMBER 
CYLINDER 


SIZE 


       


       


       


       


       


       


       


       


       


       


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


 


Page of  Form AALCOC Rev 6 25 Jun 2020 
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Figure 5: Example chain-of-custody form for the fluid sample analyses. 


 
 


B.5. Quality Control 


Geophysical monitoring and pressure/temperature monitoring do not apply to this section and 
are omitted. For wireline log QC, please refer to Attachment 1. 


B.5.1 QC Activities 


Blanks 


For shallow and deep groundwater/brine sampling, a field blank will be collected and analyzed 
for the inorganic analytes in Table 5 and Table 6 at a frequency of no less than one blank per field 
event. Field blanks will be exposed to the same field and transport conditions as the groundwater 
samples. Field blanks will be used to detect contamination resulting from the collection and 
transportation process.  


No field blanks will be collected for the injection stream sampling.  Contamination and 
representative sampling will be determined through the concentrations of nitrogen and helium 
(that have been spiked into the cylinder) in the sample. 


 


 
 
 
 


Office: _ 
• Job Order Number: _ 


NON COMMERCIAL BILL OF LADING 


CHAIN OF CUSTODY   O   SAMPLE TRANSPORTATION RECORD O   SAMPLE DISTRIBUTION RECORD O   SAMPLE RECEIPT 0 
Point of Origin Intermediary Destination 


 


Full Name 
And Address  


  


Relinquished By  Received By  Received By  
Print  Print  Print  
Date  Date  Date  
Time  Time  Time  


* I hereby declare that the contents of this consignment are fully and accurately described below by the correct technical name(s) (Proper Shipping Name[s]), and are classified, packaged, marked and 
labeled/placard ed, and are in all respects in proper condition for transport according to applicable international and national government regulations. 


Delivered By: Intertek / Commercial carrier 
Inspector/ Driver:                                                                
Carrier:     
Air Bill Number:                                                                     
Date Shipped:      


(circle one) 
 
 
 
 


Note: All volumes must be in Metric units 


Customer Product Description 
Product 1 :  _ 
Product 2: _ 
Product 3 :  _ 
Product 4: _ 


 


UN 
NUM B E R PROPER SHIPPING NAME 


HAZ AR D OU S 
CLASS 


NUMBER 
PACKING 


GROUP 
PRODUCT 
NUMBER 


NUMBEROF 
SAMPLES 


CONTAINER 
SIZE 


SAMPLE SOURCE SEAL 
NUMBER(S) 


         
         
         
         
         
         
         
         
         
         
         
         
         
         


 
 
 
 
 
 


   


 


lntertek 
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Duplicates 


For each fluid sampling round, at least one duplicate sample will be collected from a well. 
Duplicate samples will be collected from the same source immediately after the original sample in 
different sample containers and processed as all other samples. Duplicate samples will be used to 
assess sample heterogeneity and analytical precision. 


B.5.2 Exceeding Control Limits 


If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will be done by evaluating the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the method. The method 
indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and interlaboratory 
results.  If available, suspect ion analyses will then be brought to the attention of the analytical 
laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, the suspect data will be identified and may be given less importance in 
data interpretations. Additional samples may be collected for repeat analyses to confirm the 
analytical results. 


B.5.3 Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine correctness of analyses based on the anion-
cation charge balance calculation. Since fluid samples should be electrically neutral, the 
chemical analyses should yield equally negative and positive ionic activity. The anion-cation 
charge balance will be calculated using the formula: 
 


% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 100 ∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐−∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 
∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐+∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 


where the sums of the ions are represented in milliequivalents per liter and the criteria for 
acceptable charge balance is ±10%. 
Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula: 


1.0 < 𝑚𝑚𝑑𝑑𝑐𝑐𝑐𝑐𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇  < 1.2 
𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇 


 


where the anticipated values are between 1.0 and 1.2. 


Outliers 


, (Equation 
 


, (Equation 
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The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (March 2009) as a basis for 
selection of recommended statistical methods to identify outliers in water/brine chemistry data 
sets as appropriate. These techniques include probability plots, box plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to identify 
potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Logging tool equipment will be maintained as per wireline industry best practices (Attachment 1). 


All pressure, temperature, and mass flow measurement equipment will be maintained per the 
manufacturer’s specifications.  Any necessary calibrations or repairs will also be performed per 
the manufacturer’s specification or by the manufacturer of the equipment.   


For fluid sampling, the field equipment will be maintained, factory serviced, and factory 
calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 
will be included in supplies on hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility 
of the analytical laboratory per standard practice, method-specific protocol, or National 
Environmental Laboratory Accreditation Program (NELAP) requirement. 


B.7. Instrument/Equipment Calibration and Frequency 


Geophysical monitoring does not apply to this section and is omitted. 


B.7.1 Calibration and Frequency of Calibration 


Pressure and temperature gauge calibration information will be performed annually.  Logging 
tool calibration will be at the discretion of the service company providing the equipment and 
following standard industry practices noted in Attachment 1.  


For groundwater sampling, the portable field meters or multiprobe sondes used to determine 
field parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be 
calibrated according to manufacturer recommendations and equipment manuals (i.e., each day 
before sample collection begins).  Recalibration will be performed if any components yield 
atypical values or fail to stabilize during sampling. 


B.7.2 Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices in Attachment 1. 


The pressure, temperature, and mass flow meters will be calibrated annually.   


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 
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potassium chloride solution yielding a value of 1413 microsiemens per centimeter (µS/cm) at 
25°C for specific conductance, and a 100% dissolved O2 solution for dissolved oxygen. 
Calibration is performed for the pH meters per manufacturer’s specifications using a 2-point 
calibration bounding the range of the sample. For coulometry, sodium carbonate standards 
(typically yielding a concentration of 4,000 milligrams [mg] CO2/L) are routinely analyzed to 
evaluate the instrument. 


B.7.3 Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry 
practices in Attachment 1. 


Manufacturers of the pressure, temperature, and mass flow equipment will provide 
calibration certifications for their equipment.  If calibration cannot be achieved with the 
equipment, this piece of equipment will be replaced with a new or calibrated piece of 
equipment. 


For groundwater sampling, calibration values are recorded in daily sampling records and any 
errors in calibration are noted. For parameters where calibration is not acceptable, redundant 
equipment may be used so loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.1 Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 
accepted as required from vendors approved by Cleco Power, LLC, or the respective 
subcontractor responsible for the data collection activity. Acquisition of supplies and 
consumables related to groundwater analyses will be the responsibility of the laboratory per 
established standard methodology or SOPs. 


B.9. Non-direct Measurements 


B.9.1 Seismic Monitoring Methods 


Data Sources 


Borehole seismic VSP surveys will be conducted at regular intervals during and after CO2 
injection. Each of these surveys will be compared to the baseline survey which was acquired 
before the start of CO2 injection. It is important that the only difference between the surveys is 
the change in acoustic properties of the injection formation caused by the presence of CO2. 
Consequently, repeatability of source and receiver types and spacing, source size, and other 
acquisition parameters between surveys is paramount for an accurate comparison.  
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Relevance to Project 


Time-lapse borehole seismic VSP surveys will be used to track changes in the CO2 plume in the 
subsurface. A modeling exercise will be completed to confirm that the planned injected volumes 
of CO2 will result in sufficient change in the rock properties of the injection formation to be 
measured with 3D seismic. 


Processing and comparing subsequent surveys to a baseline survey will allow the project to 
monitor plume growth as well as to ensure that the plume does not migrate beyond the confining 
layer. Computational modeling will be used to predict the CO2 plume growth and migration over 
time by combining the processed seismic data with the existing geologic model. 


Acceptance Criteria 


To ensure survey repeatability, consistent acquisition geometry is required. The seismic sources 
(vibroseis trucks) should be the same for each survey, including the number of trucks, their 
specifications, and the characteristics (sweep parameters) of the seismic energy they generate.  


Data processing for each survey should be the same and the baseline seismic survey should be 
reprocessed alongside each additional repeat seismic survey to ensure consistency. 


Resources/Facilities Needed 


Cleco Power, LLC will subcontract all necessary resources and facilities for seismic monitoring, 
in-zone pressure monitoring, and groundwater sampling. 


Validity Limits and Operating Conditions 


For seismic surveys and computational modeling, intraorganizational checks between trained and 
experienced personnel will ensure that all surveys and computational modeling are conducted 
conforming to standard industry practices. 


B.10. Data Management 


B.10.1 Data Management Scheme 


Cleco Power, LLC or a designated contractor will maintain the project data required in the 
permit. Data will be backed up in electronic format and/or held on secure servers. A separate 
Data Management Plan will be developed to track and store project data. 


B.10.2 Record-keeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 
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B.10.3 Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 
industry techniques and/or manufacturer’s requirements.  


B.10.4 Responsibility 


The primary project managers will be responsible for ensuring proper data management is 
maintained. 


B.10.5 Data Archival and Retrieval 


All data will be held by Cleco Power, LLC. These data will be maintained and stored for 
auditing purposes as described in Section B.10.1. 


B.10.6 Hardware and Software Configurations 


All Cleco Power, LLC and vendor hardware and software configurations will be appropriately 
interfaced. 


B.10.7 Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 


C. Assessment and Oversight 


C.1. Assessments and Response Actions 


C.1.1 Activities to be Conducted 


Groundwater quality data will be collected at the frequency outlined in Table 4. After completion 
of sample analysis, results will be reviewed for QC criteria, as noted in Section B.5. If the data 
quality fails to meet criteria set in Section B.5, samples will be reanalyzed, if still within holding 
time criteria. If outside of holding time criteria or at the operator’s choosing, additional samples 
may be collected, or sample results may be excluded from data evaluations and interpretations. 
Evaluation for data consistency will be performed according to procedures described in the EPA 
2009 Unified Guidance (EPA, 2009). 


C.1.2 Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 
stop-work orders will be handled internally within individual organizations. 


C.1.3 Assessment Reporting 


All assessment information should be reported to the individual organizations’ project manager 
outlined in Section A.1.1. 
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C.1.4 Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 
should be addressed, verified, and documented by the individual project managers and 
communicated to the other project managers as necessary. Corrective actions affecting multiple 
organizations should be addressed by all members of the project leadership and communicated to 
other members on the distribution list for the QASP. Assessments may require integration of 
information from multiple monitoring sources across organizations (operational, in-zone 
monitoring, above-zone monitoring) to determine whether correction actions are required and/or 
the most cost-efficient and effective action to implement. Cleco Power, LLC will coordinate 
multiorganization assessments and corrective actions as warranted based on the severity of the 
event as described in the Emergency and Remedial Response Plan (Permit Section 10.0). 


C.2. Reports to Management 


C.2.1 QA Status Reports 


QA status reports should not be needed. If any testing or monitoring techniques are changed, the 
QASP will be reviewed and updated as appropriate in consultation with EPA. Revised QASPs 
will be distributed by Cleco Power, LLC to the full distribution list at the beginning of this 
document. 


D. Data Validation and Usability 


D.1. Data Review, Verification, and Validation 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data 


The groundwater/brine and injection stream analytical data validation will include the review of 
the concentration units, sample holding times, and the review of duplicate, blank and other 
appropriate QA/QC results. All analytical results will be entered into a database or spreadsheet 
with periodic data review and analysis. Cleco Power, LLC will retain copies of the laboratory 
analytical test results and/or reports. Analytical results will be reported on a frequency based on 
the approved UIC permit conditions. In the periodic reports, data will be presented in graphical 
and tabular formats as appropriate to characterize general system operations and variability with 
time.  


D.2. Verification and Validation Methods  


D.2.1 Data Verification and Validation Processes  
See Sections D.1.1. and B.5 for data verification and validation processes. 


Appropriate statistical software will be used to determine data consistency. 
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D.2.2 Data Verification and Validation Responsibility 


Cleco Power, LLC or its designated subcontractor will verify and validate the injection stream and 
groundwater analytical data. 


D.2.3 Issue Resolution Process and Responsibility 


Cleco Power, LLC or its designated coordinator will provide an overview of the injection stream 
and groundwater data handling, management, and assessment process. Staff involved in these 
processes will consult with the coordinator to determine actions that are required to resolve 
issues. 


D.2.4 Checklist, Forms, and Calculations 


Checklists and forms will be developed specifically to meet permit requirements.  


D.3. Reconciliation with User Requirements 


D.3.1 Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency. 


D.3.2 Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed 
by their respective organizations is presented with the appropriate data-use limitations. 


Cleco Power, LLC will use the current operating procedure for the use, sharing, and 
presentation of results and/or data for the Cleco Diamond Vault Project. This procedure has 
been developed to ensure quality, internal consistency and facilitate tracking and record keeping 
of data end-users and associated publications. 
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Distribution List 
 
The following project participants (Table 1) will receive the completed Quality Assurance and 
Surveillance Plan (QASP) and all future updates for the duration of the project. The Cleco 
Power, LLC VP Generation Operations will be responsible for ensuring that all of those on the 
distribution list receive the most current copy of the approved QASP.   
 
 
 


Table 1: Distribution list. 
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A.1.2 Independence from Project QA Manager and Data Gathering 


To ensure quality assurance (QA), the sample collection process, data analysis and processing 
will be performed or witnessed by independent third parties outside the management structure in 
most cases. 


A.1.3 QA Project Plan Responsibility 


Cleco Power, LLC will be responsible for maintaining and distributing the official, approved 
QASP and will periodically review this QASP and consult with EPA when changes to the plan 
are required. 


A.1.4 Organizational Chart for Key Project Personnel 


Figure 1 shows the organizational structure of the Cleco Diamond Vault Project. Cleco Power, 
LLC will provide a contact list of individuals fulfilling these roles to the Underground Injection 
Control (UIC) Program Director, if required.  


Figure 1: Cleco Power, LLC project organization structure. 
 


A.2. Problem Definition/Background 


A.2.1  Reasoning 


The goals of the Testing and Monitoring Plan (Permit Section 7.0) include:  


• Protecting underground sources of drinking water (USDWs) 


• Meeting the regulatory requirements of 40 Code of Federal Regulations (CFR) 146.90 


• Ensuring that the injection well is operating as planned 


• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of carbon dioxide (CO2) within the injection zone 


• Support Area of Review (AoR) re-evaluations over the course of the project 


Sensitive, Confidential, or Privileged Information
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These objectives will be met through the collection of pressure/temperature data within and 
above the storage formation, the collection of groundwater and fluid samples from shallow and 
deep monitoring wells, wireline logging techniques, pressure/temperature measurements in the 
tubing and annular space of the injection well and deep monitoring wells, sample 
collection/analysis of the injection stream, and geophysical monitoring. 


This QASP was developed to ensure the quality standards of the Testing and Monitoring Plan to 
meet the requirements of the EPA UIC Program for Class VI wells. 


 


A.2.2 Reasons for Initiating the Project 
 
The objective of the Cleco Diamond Vault Project is to store injected CO2 safely and permanently in 
the injection formation. The Testing and Monitoring Plan for this project has been designed to 
confirm the safe and permanent storage of the CO2 within the intended storage reservoir.   


A.2.3 Regulatory Information, Applicable Criteria, Action Limits 


US EPA regulation 40 CFR 146 Subpart H requires owners or operators of Class VI wells to 
monitor several parameters over the life of the project to ensure that: 


• Mechanical integrity of the injection well is maintained 


• Fluid migration and the extent of pressure elevation are within the limits described in the 
permit application 


• USDWs are not endangered  


Monitoring activities include mechanical integrity tests (MITs), pressure fall-off (PFO) tests 
during the injection phase of the project, monitoring of shallow and deep groundwater quality, and 
development of the CO2 plume and associated pressure front. This document details the 
measurements that will be required as well as the steps used to ensure that the quality of all data is 
such that it can be used in the decision-making process over the life of the project. 


A.3. Project/Task Description 


A.3.1 Summary of Work to be Performed and Work Schedule 


Table 3 and Table 4 describe a summary of the testing and monitoring tasks, reasoning, 
responsible parties, locations, and testing frequency.  
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A.3.2 Geographic Locations 
 
Figure 2 shows the Cleco Diamond Vault Project site. 
 


Figure 2: Cleco Diamond Vault Project area. 
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A.3.3 Resource and Time Constraints 


Cleco Power, LLC proposes a 10-year post injection site care (PISC) phase. Computer Modelling 
Group (CMG-GEM) simulations will be run throughout the project and matched with actual field 
data collected under the Testing and Monitoring Plan.  The simulations and field testing will 
confirm that plume stability modeling will be accurate beyond the 10-year period.  


A.4. Quality Objectives and Criteria 


A.4.1 Performance/Measurement Criteria 


The overall QA objective for the Testing and Monitoring Plan is to develop and implement 
procedures to monitor the CO2 injection system, development of the CO2 plume and associated 
pressure front, and to confirm that CO2 or other fluids have not migrated beyond the confining 
layer.  This objective will be accomplished through the implementation of the methods provided 
in Table 3 and Table 4. The tables below (Table 5 to Table 15) detail the specific performance and 
measurement criteria for each testing and monitoring output.   
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A.4.2 Precision 


The specification and precision of each monitoring method are detailed in the tables above. For 
groundwater sampling, the accuracy of the data will be assessed by the collection and analysis 
of field blanks to test sampling procedures and matrix spikes to test lab procedures.  Field 
blanks will be taken no less than one per sampling event to determine if the sample bottle is 
contaminated.  Laboratory assessment of analytical precision will be the responsibility of the 
individual laboratories per their standard operating procedures (SOPs).   


A.4.3 Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 
per their SOPs and analytical methodologies. For direct pressure or logging measurements, there 
is no bias. 


A.4.4 Representativeness 


For groundwater sampling, data representativeness expresses the degree to which data accurately 
and precisely represent a characteristic of a population, parameter variations at a sampling point, 
a process condition, or an environmental condition. The sampling network has been designed to 
provide data that are representative of site conditions. For the analytical results of individual 
groundwater samples, representativeness will be estimated by ion charge and mass balances. Ion 
balances with ±10% error or less will be considered valid. Mass balance assessment will be used 
in cases where the ion balance is greater than ±10% to help determine the source of error. For a 
sample and its duplicate, if the relative percent difference (RPD) is greater than 10%, the sample 
may be considered non-representative.  


A.4.5 Completeness 


For groundwater sampling, data completeness is a measure of the amount of valid data obtained 
from a   measurement system compared to the amount that was expected to be obtained under 
normal conditions. It is anticipated that data completeness of 90% for groundwater sampling will 
be acceptable to meet monitoring goals. For direct pressure, temperature, and flow measurements, 
it is expected that data will be recorded no less than 90% of the time. 


A.4.6 Comparability 


Data comparability expresses the confidence with which one data set can be compared to 
another. The data sets to be generated by this project will be very comparable to future data sets 
because of the use of standard methods and the level of quality assurance/quality control 
(QA/QC) effort. Direct pressure, temperature, and logging measurements will be directly 
comparable to previously obtained baseline or project data. 
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A.5. Special Training/Certifications 


A.5.1 Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 
qualified, and certified personnel, according to the service company which provides the 
equipment. The subsequent data will be processed and analyzed according to industry standards. 
Examples of these are shown in Attachment 1.  


No specialized certifications are required for personnel conducting groundwater sampling, but 
field sampling will be conducted by trained personnel. Groundwater sampling will be conducted 
by personnel trained to understand and follow the project-specific sampling procedures.  


Upon request, the agency will be provided with all laboratory SOPs developed for the specific 
parameter using the appropriate standard method. Each laboratory technician conducting the 
analysis on the samples will be trained on the SOP developed for each standard method. The 
technician’s training certification will be included with the biannual report. 


A.5.2 Training Provider and Responsibility 


Training for personnel will be provided by the operator or by the subcontractor responsible for 
the data collection activity. 


A.6. Documentation and Records 


A.6.1 Report Format and Package Information 


A semi-annual report from Cleco Power, LLC to EPA will contain all required project data, 
including the testing and monitoring information as specified by the UIC Class VI permit. 
Data will be provided in electronic or other formats as required by the UIC Director. 


A.6.2 Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data 
will be provided as required by the UIC Director. 


A.6.3 Data Storage and Duration 


Cleco Power, LLC or a designated contractor will maintain the required project data as provided 
elsewhere in the permit. 


A.6.4 QASP Distribution Responsibility 


The Cleco Power LLC Manager will be responsible for ensuring that all those on the 
distribution will receive the most current copy of the approved QASP. 
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B. Data Generation and Acquisition 


B.1. Sampling Process Design (Experimental Design) 


During the pre-injection phase, fluid samples will be collected and analyzed for parameters listed 
in Table 5 and Table 6 of geochemical parameters to establish baseline conditions of the fluids 
within the target formations.  Regular sampling will be performed during the injection and post-
injection phases of the project to track the migration of CO2 through the storage formation and to 
confirm that CO2 and other fluids of interest have not migrated out of the storage formation. 
Analytes will include selected constituents that are:  


• Primary and secondary EPA drinking water contaminants 


• Those most responsive in the interaction of CO2 with the formation fluids and minerals 


• Those needed for QC 


The full set of selected parameters for each sampling interval is given in Table 5 and Table 6. All 
samples will be analyzed using a laboratory that meets the requirements under the EPA 
Environmental Laboratory Accreditation Program. Isotopic analysis will be conducted using 
established methods. The pressure, temperature, and flowrate of the CO2 injection stream will be 
monitored on a continuous basis using instrumentation located in the flowline between the final 
compression stage and the wellhead.  In addition, samples of the injection stream will be collected 
on a quarterly basis for analysis.  The sampling and analysis will be completed to ensure 
compliance with the approved Class VI permit.   


B.1.1 Design Strategy 


CO2 Stream Monitoring Strategy 


Regular sampling of the CO2 stream provides an evaluation of the potential interactions of the 
CO2 and other constituents of the injection stream with mineral components and fluids within the 
storage formation. It can also identify increases in trace components, such as water content, that 
could accelerate well corrosion and negatively impact well integrity. Minor variation (<5%) is 
expected in the composition of the injected CO2 stream which will pass through two scrubbers 
prior to entering the compressor and the pipeline.  As a result, quarterly sampling of the CO2 
injection stream will be sufficient to accurately track the composition of the stream. An initial 
calibration and validation of the instruments will be performed by the manufacturers and will be 
verified by the project on a regular basis.  


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to assess the mechanical integrity of the 
well components that are in contact with the CO2. The coupons will be assessed for signs of 
corrosion and any loss of mass thickness, cracking, pitting, and other signs of corrosion that could 
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be indicative of future well integrity issues.  The analysis will be in accordance with National 
Association of Corrosion Engineers (NACE) Standard RP-0775 (or similar) to determine and 
document corrosion wear rates. 


Shallow Groundwater Monitoring Strategy 


There is an existing, extensive, groundwater monitoring program in place at the facility. A subset 
of this network will be selected, and supplemented with additional wells, to provide the required 
sampling coverage across the AoR.   


Baseline groundwater samples will be acquired from these wells to characterize the seasonal 
variations in water quality within the AoR prior to the start of CO2 injection.  These groundwater 
samples will also have their geochemistry and stable isotopes analyzed.  Throughout the injection 
and PISC phases of the project, the results of the aqueous geochemistry and isotope analyses will 
be compared to the baseline conditions for any indication of CO2 or brine migration into the 
shallow groundwater aquifer. 


Deep Groundwater Monitoring Strategy 


A deep, above confining zone (ACZ) groundwater well will be drilled for the project (40 CFR 
146.90 (d)) near the injection well to monitor the aquifers immediately above the confining layer 
in the event that there is CO2 or brine migration out of the storage formation along the injection 
wellbore (Figure 2). This well will allow for pressure and temperature monitoring as well as 
periodic fluid sampling in the deepest USDW. The well will be equipped with memory-style 
pressure gauges in the tubing string, such as Pioneer Petrotech PPS25 or similar, that record data 
every 60 seconds. The well will be configured in such a way as to isolate these formations such 
that the gauges measure the pressure from each interval separately. The well will also be 
equipped with fiber optic (FO) cable installed behind the casing for continuous distributed 
temperature sensing (DTS). A bailer system will be used to collect the fluid samples to evaluate 
geochemical changes in groundwater fluids. Samples will be analyzed for field constituents using 
a calibrated water quality meter (Horiba U-53, or similar).  The geochemical analyses will be 
performed by Intertek Laboratories, or a similar laboratory.  The isotopic analyses will be 
performed by Isotech Laboratories, or a similar laboratory.   


CO2 or brine migration into the deepest USDW will most likely be first identified through pressure 
changes in the formation. The presence of CO2 or brine in the overlying aquifers can be further 
confirmed through aqueous geochemistry data and analysis of isotopes. If deep early-detection 
monitoring data indicate that CO2 has migrated out of the primary storage formation, it will trigger 
external well integrity testing of the injection and deep monitoring wells.  It may also trigger a 
time-lapse borehole seismic VSP survey earlier than initially planned. 


Storage Formation Monitoring Strategy 


The storage formation will be monitored through pressure and temperature sensors, fluid 
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sampling and analysis, pulsed neutron capture (PNC) logging, time-lapse borehole seismic VSP 
data, and microseismic monitoring to characterize the development of the CO2 and pressure 
plumes over the injection and PISC phases of the project.  Fluid samples will be collected from 
the deep monitoring well on a biannual basis until the well becomes saturated with CO2, while the 
pressure gauges will be retrieved for data download. PNC logging will be used to determine the 
CO2 saturation adjacent to the injection and deep monitoring well.  The PNC logging will also 
confirm that CO2 has not migrated above the confining layer.   


Deep Monitoring Well Sampling 


The deep monitoring well will be used to monitor the pressure and CO2 plume development in the 
storage formation through the injection phase of the project.  Fluid samples will be collected on a 
semi-annual basis from the injection formation to monitor aqueous geochemistry changes within 
the formation.  The well will be swabbed to produce representative formation fluid in the well. 
During the swabbing process, the swab water will be analyzed in the field using a calibrated 
water quality meter (Horiba U-53, or similar). After swabbing the well, fluid samples will be 
collected using a bailer-style system.  Samples will be analyzed for constituents that can be used 
to measure changes in chemistry that would be caused by interaction with the injected CO2 (Table 
4).  Intertek Laboratories, or a similar laboratory, will analyze the geochemical species.  Isotech, 
or similar laboratory will be used to perform the isotopic analyses.  A set of memory-style 
pressure and temperature gauges (Petrotech PPS25 or similar) will also be placed in the deep 
monitoring well to track the pressure response due to CO2 injection.  These gauges will be 
programmed to collect data every 60 seconds.  


B.1.2 Type and Number of Samples/Test Runs 


The types, frequencies, and additional details of the sampling and monitoring methods are provided 
in Table 3 of this document. 


B.1.3 Site/Sampling Locations 


A network of shallow groundwater wells will be used,  and a deep ACZ groundwater 
monitoring well will be drilled. The geochemistry of the storage formation will be monitored 
using the deep monitoring well. 


The chemical composition, pressure and temperature, and mass flowrates of the CO2 injection 
stream will be monitored downstream of the last stage of compression and upstream of the 
injection well.  At the injection well, the wellhead and storage formation pressure and 
temperature will be measured along with the annular pressure and volume.  In addition, 
corrosion monitoring will be completed in the pipeline between the compressor and the 
injection well.  PNC logging will be performed in the ACZ well and the deep monitoring well 
to monitor the CO2 plume development in the storage formation as well as for potential 
migration of CO2 above the confining layer.  Temperature measurements will be acquired in 
the injection and deep monitoring wells on an annual basis to confirm external mechanical 
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integrity. 


B.1.4 Sampling Site Contingency 


The shallow groundwater, ACZ, and deep monitoring wells are all located on Cleco Power, LLC 
property where the Cleco Diamond Vault Project is located.  Access to the wells is not anticipated 
to be a problem over the course of the project.  The surface location of the wells are all located on 
land not near any residential buildings or any rough terrain. If inclement weather makes site 
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that 
would still meet permit-related conditions. 


B.1.5 Activity Schedule 


Table 3 provides the schedules for the sampling and monitoring activities along with other 
pertinent details regarding the techniques. 


B.1.6 Critical/Informational Data 


During data acquisition for the testing and monitoring activities, field and laboratory information 
will be documented in detail. Information will be recorded in field and laboratory forms and 
notebooks. Critical information will include the time and date of activity, person(s) performing 
activity, location of the activity or instrument, field or laboratory instrument calibration data, and 
field parameter values. For laboratory analyses, much of the critical data will be generated during 
the analysis and provided to the project in digital and printed formats. Noncritical data may 
include the appearance and problems with the wells or sampling/monitoring equipment, and 
weather conditions. 


B.1.7 Sources of Variability 


Potential sources of variability related to monitoring activities include: 


• Natural variations in fluid geochemistry, formation pressure and temperature, and seismic 
activity  


• Variation in fluid geochemistry, formation pressure and temperature, and seismic activity 
due to project operations  


• Changes in groundwater recharge due to rainfall, drought, and snowfall  


• Changes in instrument calibration during sampling or analytical activity  


• Variations in the staff collecting or analyzing samples 


• Differences in environmental conditions during field activities 


• Changes in analytical data quality during life of project 


• Data entry errors related to maintaining project database 
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Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:  


• Collection of long-term baseline data to observe and document natural variation in 
monitoring parameters 


• Evaluation of data in timely manner after collection to observe anomalies in data that can 
be addressed through resampling  


• Conducting statistical analysis of monitoring data to determine whether variability in a 
data set is the result of project activities or natural variation  


• Checking instrument calibration before, during and after sampling or sample analysis  


• Staff training 


• The use of standard operating procedures to describe testing and monitoring activities 


• Conducting laboratory QA checks using third party reference materials, and/or blind 
and/or replicate sample checks 


B.2. Sampling Methods 


Well logging, geophysical monitoring, and pressure/temperature monitoring do not apply to this 
section. 


B.2.1 Sampling SOPs 


Groundwater samples will be collected from the shallow groundwater wells using a low-flow 
sampling method consistent with ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a 
flow-through cell is not used, field parameters will be measured in grab samples. Groundwater 
wells will be purged to ensure samples are representative of formation water quality. Static water 
levels in each well will be determined using an electronic water level indicator before any 
purging or sampling activities begin. Dedicated pumps (e.g., bladder pumps) will be installed in 
each monitoring well to minimize potential cross contamination between wells. The pH, 
temperature, specific conductance, and dissolved oxygen of the purge water will be monitored in 
the field using portable probes and a flow-through cell consistent with standard methods given 
sufficient flow rates and volumes. Field chemistry probes will be calibrated at the beginning of 
each sampling day according to equipment manufacturer procedures using standard reference 
solutions. When a flow-through cell is used, field parameters will be continuously monitored and 
will be considered stable when three successive measurements made three minutes apart meet the 
criteria listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration will 
be filtered through 0.45 micrometer (µm) flow-through filter cartridges as appropriate and 
consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 
minimum of 100 milliliters (mL) of well water (or more if required by the filter manufacturer). 
For alkalinity and total CO2 samples, efforts will be made to minimize exposure to the 
atmosphere during filtration. 
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B.2.3 Continuous Monitoring 


The pressure and temperature in the deep monitoring wells will be continuously monitored using 
retrievable data-logging pressure/temperature gauges.  These data will be used to calibrate the 
computational modeling over the life of the project.   


B.2.4 Sample Homogenization, Composition, Filtration 


Sample homogenization, composition, and filtrations is described in Section B.2.1. 


B.2.5 Sample Containers and Volumes 


For CO2 stream monitoring, samples will be collected in a clean sample cylinder rated for the 
appropriate collection pressure provided by a laboratory such as Atlantic Analytical Laboratory. 


CO2 quarterly gas analysis will include: 


• CO2 Purity (% volume [v]/v, gas chromatograph [GC]) 


• Oxygen (O2, parts per million [ppm] v/v) 


• Nitrogen (N2, ppm v/v) 


• Hydrogen Sulfide (H2S ppm v/v) 


For shallow and deep fluid samples, all sample bottles will be new. Sample bottles for analytes 
will be used as received from the vendor or contract analytical laboratory for the analyte of 
interest. A summary of sample containers is presented in Table 17. 


B.2.6 Sample Preservation 


For groundwater and other aqueous samples, the preservation methods provided in Table 17 will be 
used. 
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placed in plastic bags for transport to the field for installation. All field glassware (pipets, 
beakers, filter holders, etc.) will be cleaned with tap water to remove any loose dirt and rinsed 
three times with deionized water before use. CO2 gas stream sampling cylinders will be 
decontaminated by the analytical lab, and no sampling equipment will be utilized with the 
corrosion coupons or annual field gauge calibrations. 


B.2.8 Support Facilities 


Field activities are usually completed in mobile laboratory vehicles or trailers located on site. 
Fluid sampling may require the use of an air compressor, vacuum pump, generator, filters, and 
analytical meters (pH, specific conductance, etc.). Sample tubing, connectors and valves 
required to sample the CO2 gas stream will be supplied by the analytical lab providing the 
sampling containers. Sampling will occur within the CO2 compression building. Similarly, 
corrosion coupons will be removed from the CO2 injection line. 


Field gauges will be removed from the injection deep monitoring and ACZ wells utilizing 
existing standard industry tools and equipment (slickline). Deployment and retrieval of the well 
gauges will be done using procedures and equipment recommended by the vendor, 
subcontractor, or as is standard per industry practice. 


B.2.9 Corrective Action, Personnel, and Documentation 


Field staff will be responsible for testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, 
then equipment will be returned to the manufacturer for repair or replacement. Significant 
corrective actions that occur during the sampling and data collection activities that affect 
analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section   and are omitted. 


Sample holding times will be consistent with standard methods (Table 17). After collection and 
any necessary preservation, samples will be placed in ice chests in the field and maintained 
thereafter at approximately 4 degrees Celsius (°C) until analysis. The samples will be 
maintained at their preservation temperature and sent to the designated laboratory within 24 
hours. Analysis of the samples will be completed within the holding time listed in Table 17. As 
appropriate, alternative sample containers and preservation techniques approved by the UIC 
Director will be used to meet analytical requirements. 


B.3.1 Maximum Hold Time/Time Before Retrieval 


See Table 17. 
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B.3.2 Sample Transportation 


See description in Section B.2. 


B.3.3 Sampling Documentation 


Field notes will be taken for all groundwater samples collected. These forms will be retained 
and archived as reference. The sample documentation is the responsibility of groundwater 
sampling personnel. A chain-of-custody form will be provided with each CO2 gas stream 
sample or fluid sample provided for analysis as shown in Figure 4 and Figure 5.   


B.3.4 Sample Identification 


All sample bottles will have waterproof labels with information denoting project, sampling 
date, sampling location, sample identification number, fluid sample, sample type, analyte, 
volume, filtration used (if any), and preservative used (if any). See Figure 3 for an example of 
a label. 
 


 
Figure 3: Example label for groundwater sample bottles. 


 


B.3.5 Sample Chain-of-Custody 


For CO2 stream analysis, a chain-of-custody form will accompany the sample to the laboratory 
(Figure 4). The chain-of-custody form will include sample identification (ID), sample collection 
date/time, sample pressure, and analytical requirements.  A chain-of-custody form will 
accompany the sample through the analytical process. Copies of the chain-of-custody forms will 
be retained for reference.  


For groundwater samples, the chain-of-custody will be documented using a standardized form. A 
typical form is shown in Figure 5, and a similar form will be used for all groundwater sampling. 
Copies of the chain-of-custody forms will be provided to the person or lab receiving the samples 
as well as the person or lab transferring the samples. These forms will be retained and archived to 
allow simplified tracking of sample status. The chain-of -custody form and record keeping is the 
responsibility of groundwater sampling personnel. 
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B.4. Analytical Methods 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section and are omitted. 


B.4.1 Analytical SOPs 


Analytical methods are referenced in  Table 5 and Table 6. Upon request, Cleco Power, LLC will 
provide the EPA with all laboratory SOPs developed for the specific parameter using the 
appropriate standard method.  


B.4.2 Equipment/Instrumentation Needed 


Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 5 and Table 6. 


B.4.3 Method Performance Criteria 


Nonstandard method performance criteria are not anticipated for this project. 


B.4.4 Analytical Failure 


Each laboratory conducting the analyses in Table 5 through Table 8 will be responsible 
for appropriately addressing analytical failure according to their individual SOPs. 


B.4.5 Sample Disposal 


Each laboratory conducting the analyses in Table 5 and Table 6 will be responsible for 
appropriate sample disposal according to their individual SOPs. 


B.4.6 Laboratory Turnaround 


Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical 
results within one month will be suitable for project needs. 


B.4.7 Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. 
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Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. 
 


 


 


ATLANTIC ANALYTICAL LABORATORY, LLC 
291 Route 22 East 


CHAIN OF CUSTODY FORM Salem Industrial Park – Building #2 
Lebanon, NJ 08833 


(908) 534-5600 
CUSTOMER NAME: PROJECT LOCATION: COMMENTS: 


SAMPLER SIGNATURE: CUSTOMER SIGNATURE: 


SAMPLING CUSTOMER 
CYLINDER 
NUMBER 


SAMPLE IDENTIFICATION 
(Lot Number, Batch Number, Receiving Number, Part Number, etc.) 


ANALYSIS 
REQUIRED 


ON-SITE 
ANALYSIS DATE / TIME CYLINDER 


NUMBER 
CYLINDER 


SIZE 


       


       


       


       


       


       


       


       


       


       


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


 


Page of  Form AALCOC Rev 6 25 Jun 2020 
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Figure 5: Example chain-of-custody form for the fluid sample analyses. 


 
 


B.5. Quality Control 


Geophysical monitoring and pressure/temperature monitoring do not apply to this section and 
are omitted. For wireline log QC, please refer to Attachment 1. 


B.5.1 QC Activities 


Blanks 


For shallow and deep groundwater/brine sampling, a field blank will be collected and analyzed 
for the inorganic analytes in Table 5 and Table 6 at a frequency of no less than one blank per field 
event. Field blanks will be exposed to the same field and transport conditions as the groundwater 
samples. Field blanks will be used to detect contamination resulting from the collection and 
transportation process.  


No field blanks will be collected for the injection stream sampling.  Contamination and 
representative sampling will be determined through the concentrations of nitrogen and helium 
(that have been spiked into the cylinder) in the sample. 


 


 
 
 
 


Office: _ 
• Job Order Number: _ 


NON COMMERCIAL BILL OF LADING 


CHAIN OF CUSTODY   O   SAMPLE TRANSPORTATION RECORD O   SAMPLE DISTRIBUTION RECORD O   SAMPLE RECEIPT 0 
Point of Origin Intermediary Destination 


 


Full Name 
And Address  


  


Relinquished By  Received By  Received By  
Print  Print  Print  
Date  Date  Date  
Time  Time  Time  


* I hereby declare that the contents of this consignment are fully and accurately described below by the correct technical name(s) (Proper Shipping Name[s]), and are classified, packaged, marked and 
labeled/placard ed, and are in all respects in proper condition for transport according to applicable international and national government regulations. 


Delivered By: Intertek / Commercial carrier 
Inspector/ Driver:                                                                
Carrier:     
Air Bill Number:                                                                     
Date Shipped:      


(circle one) 
 
 
 
 


Note: All volumes must be in Metric units 


Customer Product Description 
Product 1 :  _ 
Product 2: _ 
Product 3 :  _ 
Product 4: _ 


 


UN 
NUM B E R PROPER SHIPPING NAME 


HAZ AR D OU S 
CLASS 


NUMBER 
PACKING 


GROUP 
PRODUCT 
NUMBER 


NUMBEROF 
SAMPLES 


CONTAINER 
SIZE 


SAMPLE SOURCE SEAL 
NUMBER(S) 


         
         
         
         
         
         
         
         
         
         
         
         
         
         


 
 
 
 
 
 


   


 


lntertek 
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Duplicates 


For each fluid sampling round, at least one duplicate sample will be collected from a well. 
Duplicate samples will be collected from the same source immediately after the original sample in 
different sample containers and processed as all other samples. Duplicate samples will be used to 
assess sample heterogeneity and analytical precision. 


B.5.2 Exceeding Control Limits 


If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will be done by evaluating the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the method. The method 
indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and interlaboratory 
results.  If available, suspect ion analyses will then be brought to the attention of the analytical 
laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, the suspect data will be identified and may be given less importance in 
data interpretations. Additional samples may be collected for repeat analyses to confirm the 
analytical results. 


B.5.3 Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine correctness of analyses based on the anion-
cation charge balance calculation. Since fluid samples should be electrically neutral, the 
chemical analyses should yield equally negative and positive ionic activity. The anion-cation 
charge balance will be calculated using the formula: 
 


% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 100 ∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐−∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 
∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐+∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 


where the sums of the ions are represented in milliequivalents per liter and the criteria for 
acceptable charge balance is ±10%. 
Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula: 


1.0 < 𝑚𝑚𝑑𝑑𝑐𝑐𝑐𝑐𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇  < 1.2 
𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇 


 


where the anticipated values are between 1.0 and 1.2. 


Outliers 


, (Equation 
 


, (Equation 
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The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (March 2009) as a basis for 
selection of recommended statistical methods to identify outliers in water/brine chemistry data 
sets as appropriate. These techniques include probability plots, box plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to identify 
potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Logging tool equipment will be maintained as per wireline industry best practices (Attachment 1). 


All pressure, temperature, and mass flow measurement equipment will be maintained per the 
manufacturer’s specifications.  Any necessary calibrations or repairs will also be performed per 
the manufacturer’s specification or by the manufacturer of the equipment.   


For fluid sampling, the field equipment will be maintained, factory serviced, and factory 
calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 
will be included in supplies on hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility 
of the analytical laboratory per standard practice, method-specific protocol, or National 
Environmental Laboratory Accreditation Program (NELAP) requirement. 


B.7. Instrument/Equipment Calibration and Frequency 


Geophysical monitoring does not apply to this section and is omitted. 


B.7.1 Calibration and Frequency of Calibration 


Pressure and temperature gauge calibration information will be performed annually.  Logging 
tool calibration will be at the discretion of the service company providing the equipment and 
following standard industry practices noted in Attachment 1.  


For groundwater sampling, the portable field meters or multiprobe sondes used to determine 
field parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be 
calibrated according to manufacturer recommendations and equipment manuals (i.e., each day 
before sample collection begins).  Recalibration will be performed if any components yield 
atypical values or fail to stabilize during sampling. 


B.7.2 Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices in Attachment 1. 


The pressure, temperature, and mass flow meters will be calibrated annually.   


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 
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potassium chloride solution yielding a value of 1413 microsiemens per centimeter (µS/cm) at 
25°C for specific conductance, and a 100% dissolved O2 solution for dissolved oxygen. 
Calibration is performed for the pH meters per manufacturer’s specifications using a 2-point 
calibration bounding the range of the sample. For coulometry, sodium carbonate standards 
(typically yielding a concentration of 4,000 milligrams [mg] CO2/L) are routinely analyzed to 
evaluate the instrument. 


B.7.3 Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry 
practices in Attachment 1. 


Manufacturers of the pressure, temperature, and mass flow equipment will provide 
calibration certifications for their equipment.  If calibration cannot be achieved with the 
equipment, this piece of equipment will be replaced with a new or calibrated piece of 
equipment. 


For groundwater sampling, calibration values are recorded in daily sampling records and any 
errors in calibration are noted. For parameters where calibration is not acceptable, redundant 
equipment may be used so loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.1 Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 
accepted as required from vendors approved by Cleco Power, LLC, or the respective 
subcontractor responsible for the data collection activity. Acquisition of supplies and 
consumables related to groundwater analyses will be the responsibility of the laboratory per 
established standard methodology or SOPs. 


B.9. Non-direct Measurements 


B.9.1 Seismic Monitoring Methods 


Data Sources 


Borehole seismic VSP surveys will be conducted at regular intervals during and after CO2 
injection. Each of these surveys will be compared to the baseline survey which was acquired 
before the start of CO2 injection. It is important that the only difference between the surveys is 
the change in acoustic properties of the injection formation caused by the presence of CO2. 
Consequently, repeatability of source and receiver types and spacing, source size, and other 
acquisition parameters between surveys is paramount for an accurate comparison.  
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Relevance to Project 


Time-lapse borehole seismic VSP surveys will be used to track changes in the CO2 plume in the 
subsurface. A modeling exercise will be completed to confirm that the planned injected volumes 
of CO2 will result in sufficient change in the rock properties of the injection formation to be 
measured with 3D seismic. 


Processing and comparing subsequent surveys to a baseline survey will allow the project to 
monitor plume growth as well as to ensure that the plume does not migrate beyond the confining 
layer. Computational modeling will be used to predict the CO2 plume growth and migration over 
time by combining the processed seismic data with the existing geologic model. 


Acceptance Criteria 


To ensure survey repeatability, consistent acquisition geometry is required. The seismic sources 
(vibroseis trucks) should be the same for each survey, including the number of trucks, their 
specifications, and the characteristics (sweep parameters) of the seismic energy they generate.  


Data processing for each survey should be the same and the baseline seismic survey should be 
reprocessed alongside each additional repeat seismic survey to ensure consistency. 


Resources/Facilities Needed 


Cleco Power, LLC will subcontract all necessary resources and facilities for seismic monitoring, 
in-zone pressure monitoring, and groundwater sampling. 


Validity Limits and Operating Conditions 


For seismic surveys and computational modeling, intraorganizational checks between trained and 
experienced personnel will ensure that all surveys and computational modeling are conducted 
conforming to standard industry practices. 


B.10. Data Management 


B.10.1 Data Management Scheme 


Cleco Power, LLC or a designated contractor will maintain the project data required in the 
permit. Data will be backed up in electronic format and/or held on secure servers. A separate 
Data Management Plan will be developed to track and store project data. 


B.10.2 Record-keeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 
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B.10.3 Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 
industry techniques and/or manufacturer’s requirements.  


B.10.4 Responsibility 


The primary project managers will be responsible for ensuring proper data management is 
maintained. 


B.10.5 Data Archival and Retrieval 


All data will be held by Cleco Power, LLC. These data will be maintained and stored for 
auditing purposes as described in Section B.10.1. 


B.10.6 Hardware and Software Configurations 


All Cleco Power, LLC and vendor hardware and software configurations will be appropriately 
interfaced. 


B.10.7 Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 


C. Assessment and Oversight 


C.1. Assessments and Response Actions 


C.1.1 Activities to be Conducted 


Groundwater quality data will be collected at the frequency outlined in Table 4. After completion 
of sample analysis, results will be reviewed for QC criteria, as noted in Section B.5. If the data 
quality fails to meet criteria set in Section B.5, samples will be reanalyzed, if still within holding 
time criteria. If outside of holding time criteria or at the operator’s choosing, additional samples 
may be collected, or sample results may be excluded from data evaluations and interpretations. 
Evaluation for data consistency will be performed according to procedures described in the EPA 
2009 Unified Guidance (EPA, 2009). 


C.1.2 Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 
stop-work orders will be handled internally within individual organizations. 


C.1.3 Assessment Reporting 


All assessment information should be reported to the individual organizations’ project manager 
outlined in Section A.1.1. 
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C.1.4 Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 
should be addressed, verified, and documented by the individual project managers and 
communicated to the other project managers as necessary. Corrective actions affecting multiple 
organizations should be addressed by all members of the project leadership and communicated to 
other members on the distribution list for the QASP. Assessments may require integration of 
information from multiple monitoring sources across organizations (operational, in-zone 
monitoring, above-zone monitoring) to determine whether correction actions are required and/or 
the most cost-efficient and effective action to implement. Cleco Power, LLC will coordinate 
multiorganization assessments and corrective actions as warranted based on the severity of the 
event as described in the Emergency and Remedial Response Plan (Permit Section 10.0). 


C.2. Reports to Management 


C.2.1 QA Status Reports 


QA status reports should not be needed. If any testing or monitoring techniques are changed, the 
QASP will be reviewed and updated as appropriate in consultation with EPA. Revised QASPs 
will be distributed by Cleco Power, LLC to the full distribution list at the beginning of this 
document. 


D. Data Validation and Usability 


D.1. Data Review, Verification, and Validation 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data 


The groundwater/brine and injection stream analytical data validation will include the review of 
the concentration units, sample holding times, and the review of duplicate, blank and other 
appropriate QA/QC results. All analytical results will be entered into a database or spreadsheet 
with periodic data review and analysis. Cleco Power, LLC will retain copies of the laboratory 
analytical test results and/or reports. Analytical results will be reported on a frequency based on 
the approved UIC permit conditions. In the periodic reports, data will be presented in graphical 
and tabular formats as appropriate to characterize general system operations and variability with 
time.  


D.2. Verification and Validation Methods  


D.2.1 Data Verification and Validation Processes  
See Sections D.1.1. and B.5 for data verification and validation processes. 


Appropriate statistical software will be used to determine data consistency. 
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D.2.2 Data Verification and Validation Responsibility 


Cleco Power, LLC or its designated subcontractor will verify and validate the injection stream and 
groundwater analytical data. 


D.2.3 Issue Resolution Process and Responsibility 


Cleco Power, LLC or its designated coordinator will provide an overview of the injection stream 
and groundwater data handling, management, and assessment process. Staff involved in these 
processes will consult with the coordinator to determine actions that are required to resolve 
issues. 


D.2.4 Checklist, Forms, and Calculations 


Checklists and forms will be developed specifically to meet permit requirements.  


D.3. Reconciliation with User Requirements 


D.3.1 Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency. 


D.3.2 Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed 
by their respective organizations is presented with the appropriate data-use limitations. 


Cleco Power, LLC will use the current operating procedure for the use, sharing, and 
presentation of results and/or data for the Cleco Diamond Vault Project. This procedure has 
been developed to ensure quality, internal consistency and facilitate tracking and record keeping 
of data end-users and associated publications. 
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Distribution List 
 
The following project participants (Table 1) will receive the completed Quality Assurance and 
Surveillance Plan (QASP) and all future updates for the duration of the project. The Cleco 
Power, LLC VP Generation Operations will be responsible for ensuring that all of those on the 
distribution list receive the most current copy of the approved QASP.   
 
 
 


Table 1: Distribution list. 
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A.1.2 Independence from Project QA Manager and Data Gathering 


To ensure quality assurance (QA), the sample collection process, data analysis and processing 
will be performed or witnessed by independent third parties outside the management structure in 
most cases. 


A.1.3 QA Project Plan Responsibility 


Cleco Power, LLC will be responsible for maintaining and distributing the official, approved 
QASP and will periodically review this QASP and consult with EPA when changes to the plan 
are required. 


A.1.4 Organizational Chart for Key Project Personnel 


Figure 1 shows the organizational structure of the Cleco Diamond Vault Project. Cleco Power, 
LLC will provide a contact list of individuals fulfilling these roles to the Underground Injection 
Control (UIC) Program Director, if required.  


Figure 1: Cleco Power, LLC project organization structure. 
 


A.2. Problem Definition/Background 


A.2.1  Reasoning 


The goals of the Testing and Monitoring Plan (Permit Section 7.0) include:  


• Protecting underground sources of drinking water (USDWs) 


• Meeting the regulatory requirements of 40 Code of Federal Regulations (CFR) 146.90 


• Ensuring that the injection well is operating as planned 


• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of carbon dioxide (CO2) within the injection zone 


• Support Area of Review (AoR) re-evaluations over the course of the project 


Sensitive, Confidential, or Privileged Information
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These objectives will be met through the collection of pressure/temperature data within and 
above the storage formation, the collection of groundwater and fluid samples from shallow and 
deep monitoring wells, wireline logging techniques, pressure/temperature measurements in the 
tubing and annular space of the injection well and deep monitoring wells, sample 
collection/analysis of the injection stream, and geophysical monitoring. 


This QASP was developed to ensure the quality standards of the Testing and Monitoring Plan to 
meet the requirements of the EPA UIC Program for Class VI wells. 


 


A.2.2 Reasons for Initiating the Project 
 
The objective of the Cleco Diamond Vault Project is to store injected CO2 safely and permanently in 
the injection formation. The Testing and Monitoring Plan for this project has been designed to 
confirm the safe and permanent storage of the CO2 within the intended storage reservoir.   


A.2.3 Regulatory Information, Applicable Criteria, Action Limits 


EPA regulation 40 CFR 146 Subpart H requires owners or operators of Class VI wells to monitor 
several parameters over the life of the project to ensure that: 


• Mechanical integrity of the injection well is maintained 


• Fluid migration and the extent of pressure elevation are within the limits described in the 
permit application 


• USDWs are not endangered  


Monitoring activities include mechanical integrity tests (MITs), pressure fall-off (PFO) tests 
during the injection phase of the project, monitoring of shallow and deep groundwater quality, and 
development of the CO2 plume and associated pressure front. This document details the 
measurements that will be required as well as the steps used to ensure that the quality of all data is 
such that it can be used in the decision-making process over the life of the project. 


A.3. Project/Task Description 


A.3.1 Summary of Work to be Performed and Work Schedule 


Table 3 and Table 4 describe a summary of the testing and monitoring tasks, reasoning, 
responsible parties, locations, and testing frequency.  
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A.3.2 Geographic Locations 
 
Figure 2 shows the Cleco Diamond Vault Project site. 
 


Figure 2: Cleco Diamond Vault Project area. 


Sensitive, Confidential, or Privileged Information
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A.3.3 Resource and Time Constraints 


Cleco Power, LLC proposes a 10-year post injection site care (PISC) phase. Computer Modelling 
Group (CMG-GEM) simulations will be run throughout the project and matched with actual field 
data collected under the Testing and Monitoring Plan.  The simulations and field testing will 
confirm that plume stability modeling will be accurate beyond the 10-year period.  


A.4. Quality Objectives and Criteria 


A.4.1 Performance/Measurement Criteria 


The overall QA objective for the Testing and Monitoring Plan is to develop and implement 
procedures to monitor the CO2 injection system, development of the CO2 plume and associated 
pressure front, and to confirm that CO2 or other fluids have not migrated beyond the confining 
layer.  This objective will be accomplished through the implementation of the methods provided 
in Table 3 and Table 4. The tables below (Table 5 to Table 15) detail the specific performance and 
measurement criteria for each testing and monitoring output.   
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A.4.2 Precision 


The specification and precision of each monitoring method are detailed in the tables above. For 
groundwater sampling, the accuracy of the data will be assessed by the collection and analysis 
of field blanks to test sampling procedures and matrix spikes to test lab procedures.  Field 
blanks will be taken no less than one per sampling event to determine if the sample bottle is 
contaminated.  Laboratory assessment of analytical precision will be the responsibility of the 
individual laboratories per their standard operating procedures (SOPs).   


A.4.3 Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 
per their SOPs and analytical methodologies. For direct pressure or logging measurements, there 
is no bias. 


A.4.4 Representativeness 


For groundwater sampling, data representativeness expresses the degree to which data accurately 
and precisely represent a characteristic of a population, parameter variations at a sampling point, 
a process condition, or an environmental condition. The sampling network has been designed to 
provide data that are representative of site conditions. For the analytical results of individual 
groundwater samples, representativeness will be estimated by ion charge and mass balances. Ion 
balances with ±10% error or less will be considered valid. Mass balance assessment will be used 
in cases where the ion balance is greater than ±10% to help determine the source of error. For a 
sample and its duplicate, if the relative percent difference (RPD) is greater than 10%, the sample 
may be considered non-representative.  


A.4.5 Completeness 


For groundwater sampling, data completeness is a measure of the amount of valid data obtained 
from a   measurement system compared to the amount that was expected to be obtained under 
normal conditions. It is anticipated that data completeness of 90% for groundwater sampling will 
be acceptable to meet monitoring goals. For direct pressure, temperature, and flow measurements, 
it is expected that data will be recorded no less than 90% of the time. 


A.4.6 Comparability 


Data comparability expresses the confidence with which one data set can be compared to 
another. The data sets to be generated by this project will be very comparable to future data sets 
because of the use of standard methods and the level of quality assurance/quality control 
(QA/QC) effort. Direct pressure, temperature, and logging measurements will be directly 
comparable to previously obtained baseline or project data. 
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A.5. Special Training/Certifications 


A.5.1 Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 
qualified, and certified personnel, according to the service company which provides the 
equipment. The subsequent data will be processed and analyzed according to industry standards. 
Examples of these are shown in Attachment 1.  


No specialized certifications are required for personnel conducting groundwater sampling, but 
field sampling will be conducted by trained personnel. Groundwater sampling will be conducted 
by personnel trained to understand and follow the project-specific sampling procedures.  


Upon request, the agency will be provided with all laboratory SOPs developed for the specific 
parameter using the appropriate standard method. Each laboratory technician conducting the 
analysis on the samples will be trained on the SOP developed for each standard method. The 
technician’s training certification will be included with the biannual report. 


A.5.2 Training Provider and Responsibility 


Training for personnel will be provided by the operator or by the subcontractor responsible for 
the data collection activity. 


A.6. Documentation and Records 


A.6.1 Report Format and Package Information 


A semi-annual report from Cleco Power, LLC to EPA will contain all required project data, 
including the testing and monitoring information as specified by the UIC Class VI permit. 
Data will be provided in electronic or other formats as required by the UIC Director. 


A.6.2 Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data 
will be provided as required by the UIC Director. 


A.6.3 Data Storage and Duration 


Cleco Power, LLC or a designated contractor will maintain the required project data as provided 
elsewhere in the permit. 


A.6.4 QASP Distribution Responsibility 


The Cleco Power LLC Manager will be responsible for ensuring that all those on the 
distribution list will receive the most current copy of the approved QASP. 
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B. Data Generation and Acquisition 


B.1. Sampling Process Design (Experimental Design) 


During the pre-injection phase, fluid samples will be collected and analyzed for parameters listed 
in Table 5 and Table 6 of geochemical parameters to establish baseline conditions of the fluids 
within the target formations.  Regular sampling will be performed during the injection and post-
injection phases of the project to track the migration of CO2 through the storage formation and to 
confirm that CO2 and other fluids of interest have not migrated out of the storage formation. 
Analytes will include selected constituents that are:  


• Primary and secondary EPA drinking water contaminants 


• Those most responsive in the interaction of CO2 with the formation fluids and minerals 


• Those needed for QC 


The full set of selected parameters for each sampling interval is given in Table 5 and Table 6. All 
samples will be analyzed using a laboratory that meets the requirements under the EPA 
Environmental Laboratory Accreditation Program. Isotopic analysis will be conducted using 
established methods. The pressure, temperature, and flowrate of the CO2 injection stream will be 
monitored on a continuous basis using instrumentation located in the flowline between the final 
compression stage and the wellhead.  In addition, samples of the injection stream will be collected 
on a quarterly basis for analysis.  The sampling and analysis will be completed to ensure 
compliance with the approved Class VI permit.   


B.1.1 Design Strategy 


CO2 Stream Monitoring Strategy 


Regular sampling of the CO2 stream provides an evaluation of the potential interactions of the 
CO2 and other constituents of the injection stream with mineral components and fluids within the 
storage formation. It can also identify increases in trace components, such as water content, that 
could accelerate well corrosion and negatively impact well integrity. Minor variation (<5%) is 
expected in the composition of the injected CO2 stream which will pass through two scrubbers 
prior to entering the compressor and the pipeline.  As a result, quarterly sampling of the CO2 
injection stream will be sufficient to accurately track the composition of the stream. An initial 
calibration and validation of the instruments will be performed by the manufacturers and will be 
verified by the project on a regular basis.  


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to assess the mechanical integrity of the 
well components that are in contact with the CO2. The coupons will be assessed for signs of 
corrosion and any loss of mass thickness, cracking, pitting, and other signs of corrosion that could 
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be indicative of future well integrity issues.  The analysis will be in accordance with National 
Association of Corrosion Engineers (NACE) Standard RP-0775 (or similar) to determine and 
document corrosion wear rates. 


Shallow Groundwater Monitoring Strategy 


There is an existing, extensive, groundwater monitoring program in place at the facility. A subset 
of this network will be selected, and supplemented with additional wells, to provide the required 
sampling coverage across the AoR.   


Baseline groundwater samples will be acquired from these wells to characterize the seasonal 
variations in water quality within the AoR prior to the start of CO2 injection.  These groundwater 
samples will also have their geochemistry and stable isotopes analyzed.  Throughout the injection 
and PISC phases of the project, the results of the aqueous geochemistry and isotope analyses will 
be compared to the baseline conditions for any indication of CO2 or brine migration into the 
shallow groundwater aquifer. 


Deep Groundwater Monitoring Strategy 


A deep, above confining zone (ACZ) groundwater well will be drilled for the project (40 CFR 
146.90 (d)) near the injection well to monitor the aquifers immediately above the confining layer 
in the event that there is CO2 or brine migration out of the storage formation along the injection 
wellbore (Figure 2). This well will allow for pressure and temperature monitoring as well as 
periodic fluid sampling in the deepest USDW. The well will be equipped with memory-style 
pressure gauges in the tubing string, such as Pioneer Petrotech PPS25 or similar, that record data 
every 60 seconds. The well will be configured in such a way as to isolate these formations such 
that the gauges measure the pressure from each interval separately. The well will also be 
equipped with fiber optic (FO) cable installed behind the casing for continuous distributed 
temperature sensing (DTS). A bailer system will be used to collect the fluid samples to evaluate 
geochemical changes in groundwater fluids. Samples will be analyzed for field constituents using 
a calibrated water quality meter (Horiba U-53, or similar).  The geochemical analyses will be 
performed by Intertek Laboratories, or a similar laboratory.  The isotopic analyses will be 
performed by Isotech Laboratories, or a similar laboratory.   


CO2 or brine migration into the deepest USDW will most likely be first identified through pressure 
changes in the formation. The presence of CO2 or brine in the overlying aquifers can be further 
confirmed through aqueous geochemistry data and analysis of isotopes. If deep early-detection 
monitoring data indicate that CO2 has migrated out of the primary storage formation, it will trigger 
external well integrity testing of the injection and deep monitoring wells.  It may also trigger a 
time-lapse borehole seismic VSP survey earlier than initially planned. 


Storage Formation Monitoring Strategy 


The storage formation will be monitored through pressure and temperature sensors, fluid 
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sampling and analysis, pulsed neutron capture (PNC) logging, time-lapse borehole seismic VSP 
data, and microseismic monitoring to characterize the development of the CO2 and pressure 
plumes over the injection and PISC phases of the project.  Fluid samples will be collected from 
the deep monitoring well on a biannual basis until the well becomes saturated with CO2, while the 
pressure gauges will be retrieved for data download. PNC logging will be used to determine the 
CO2 saturation adjacent to the injection and deep monitoring well.  The PNC logging will also 
confirm that CO2 has not migrated above the confining layer.   


Deep Monitoring Well Sampling 


The deep monitoring well will be used to monitor the pressure and CO2 plume development in the 
storage formation through the injection phase of the project.  Fluid samples will be collected on a 
semi-annual basis from the injection formation to monitor aqueous geochemistry changes within 
the formation.  The well will be swabbed to produce representative formation fluid in the well. 
During the swabbing process, the swab water will be analyzed in the field using a calibrated 
water quality meter (Horiba U-53, or similar). After swabbing the well, fluid samples will be 
collected using a bailer-style system.  Samples will be analyzed for constituents that can be used 
to measure changes in chemistry that would be caused by interaction with the injected CO2 (Table 
4).  Intertek Laboratories, or a similar laboratory, will analyze the geochemical species.  Isotech, 
or similar laboratory will be used to perform the isotopic analyses.  A set of memory-style 
pressure and temperature gauges (Petrotech PPS25 or similar) will also be placed in the deep 
monitoring well to track the pressure response due to CO2 injection.  These gauges will be 
programmed to collect data every 60 seconds.  


B.1.2 Type and Number of Samples/Test Runs 


The types, frequencies, and additional details of the sampling and monitoring methods are provided 
in Table 3 of this document. 


B.1.3 Site/Sampling Locations 


A network of shallow groundwater wells will be used,  and a deep ACZ groundwater 
monitoring well will be drilled. The geochemistry of the storage formation will be monitored 
using the deep monitoring well. 


The chemical composition, pressure and temperature, and mass flowrates of the CO2 injection 
stream will be monitored downstream of the last stage of compression and upstream of the 
injection well.  At the injection well, the wellhead and storage formation pressure and 
temperature will be measured along with the annular pressure and volume.  In addition, 
corrosion monitoring will be completed in the pipeline between the compressor and the 
injection well.  PNC logging will be performed in the ACZ well and the deep monitoring well 
to monitor the CO2 plume development in the storage formation as well as for potential 
migration of CO2 above the confining layer.  Temperature measurements will be acquired in 
the injection and deep monitoring wells on an annual basis to confirm external mechanical 
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integrity. 


B.1.4 Sampling Site Contingency 


The shallow groundwater, ACZ, and deep monitoring wells are all located on Cleco Power, LLC 
property where the Cleco Diamond Vault Project is located.  Access to the wells is not anticipated 
to be a problem over the course of the project.  The surface location of the wells are all located on 
land not near any residential buildings or any rough terrain. If inclement weather makes site 
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that 
would still meet permit-related conditions. 


B.1.5 Activity Schedule 


Table 3 provides the schedules for the sampling and monitoring activities along with other 
pertinent details regarding the techniques. 


B.1.6 Critical/Informational Data 


During data acquisition for the testing and monitoring activities, field and laboratory information 
will be documented in detail. Information will be recorded in field and laboratory forms and 
notebooks. Critical information will include the time and date of activity, person(s) performing 
activity, location of the activity or instrument, field or laboratory instrument calibration data, and 
field parameter values. For laboratory analyses, much of the critical data will be generated during 
the analysis and provided to the project in digital and printed formats. Noncritical data may 
include the appearance and problems with the wells or sampling/monitoring equipment, and 
weather conditions. 


B.1.7 Sources of Variability 


Potential sources of variability related to monitoring activities include: 


• Natural variations in fluid geochemistry, formation pressure and temperature, and seismic 
activity  


• Variation in fluid geochemistry, formation pressure and temperature, and seismic activity 
due to project operations  


• Changes in groundwater recharge due to rainfall, drought, and snowfall  


• Changes in instrument calibration during sampling or analytical activity  


• Variations in the staff collecting or analyzing samples 


• Differences in environmental conditions during field activities 


• Changes in analytical data quality during life of project 


• Data entry errors related to maintaining project database 
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Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:  


• Collection of long-term baseline data to observe and document natural variation in 
monitoring parameters 


• Evaluation of data in timely manner after collection to observe anomalies in data that can 
be addressed through resampling  


• Conducting statistical analysis of monitoring data to determine whether variability in a 
data set is the result of project activities or natural variation  


• Checking instrument calibration before, during and after sampling or sample analysis  


• Staff training 


• The use of standard operating procedures to describe testing and monitoring activities 


• Conducting laboratory QA checks using third party reference materials, and/or blind 
and/or replicate sample checks 


B.2. Sampling Methods 


Well logging, geophysical monitoring, and pressure/temperature monitoring do not apply to this 
section. 


B.2.1 Sampling SOPs 


Groundwater samples will be collected from the shallow groundwater wells using a low-flow 
sampling method consistent with ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a 
flow-through cell is not used, field parameters will be measured in grab samples. Groundwater 
wells will be purged to ensure samples are representative of formation water quality. Static water 
levels in each well will be determined using an electronic water level indicator before any 
purging or sampling activities begin. Dedicated pumps (e.g., bladder pumps) will be installed in 
each monitoring well to minimize potential cross contamination between wells. The pH, 
temperature, specific conductance, and dissolved oxygen of the purge water will be monitored in 
the field using portable probes and a flow-through cell consistent with standard methods given 
sufficient flow rates and volumes. Field chemistry probes will be calibrated at the beginning of 
each sampling day according to equipment manufacturer procedures using standard reference 
solutions. When a flow-through cell is used, field parameters will be continuously monitored and 
will be considered stable when three successive measurements made three minutes apart meet the 
criteria listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration will 
be filtered through 0.45 micrometer (µm) flow-through filter cartridges as appropriate and 
consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 
minimum of 100 milliliters (mL) of well water (or more if required by the filter manufacturer). 
For alkalinity and total CO2 samples, efforts will be made to minimize exposure to the 
atmosphere during filtration. 
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B.2.3 Continuous Monitoring 


The pressure and temperature in the deep monitoring wells will be continuously monitored using 
retrievable data-logging pressure/temperature gauges.  These data will be used to calibrate the 
computational modeling over the life of the project.   


B.2.4 Sample Homogenization, Composition, Filtration 


Sample homogenization, composition, and filtrations is described in Section B.2.1. 


B.2.5 Sample Containers and Volumes 


For CO2 stream monitoring, samples will be collected in a clean sample cylinder rated for the 
appropriate collection pressure provided by a laboratory such as Atlantic Analytical Laboratory. 


CO2 quarterly gas analysis will include: 


• CO2 Purity (% volume [v]/v, gas chromatograph [GC]) 


• Oxygen (O2, parts per million [ppm] v/v) 


• Nitrogen (N2, ppm v/v) 


• Hydrogen Sulfide (H2S ppm v/v) 


For shallow and deep fluid samples, all sample bottles will be new. Sample bottles for analytes 
will be used as received from the vendor or contract analytical laboratory for the analyte of 
interest. A summary of sample containers is presented in Table 17. 


B.2.6 Sample Preservation 


For groundwater and other aqueous samples, the preservation methods provided in Table 17 will be 
used. 
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pumped through the pump and sample tubing. Individual cleaned pumps and tubing will be 
placed in plastic bags for transport to the field for installation. All field glassware (pipets, 
beakers, filter holders, etc.) will be cleaned with tap water to remove any loose dirt and rinsed 
three times with deionized water before use. CO2 gas stream sampling cylinders will be 
decontaminated by the analytical lab, and no sampling equipment will be utilized with the 
corrosion coupons or annual field gauge calibrations. 


B.2.8 Support Facilities 


Field activities are usually completed in mobile laboratory vehicles or trailers located on site. 
Fluid sampling may require the use of an air compressor, vacuum pump, generator, filters, and 
analytical meters (pH, specific conductance, etc.). Sample tubing, connectors and valves 
required to sample the CO2 gas stream will be supplied by the analytical lab providing the 
sampling containers. Sampling will occur within the CO2 compression building. Similarly, 
corrosion coupons will be removed from the CO2 injection line. 


Field gauges will be removed from the injection deep monitoring and ACZ wells utilizing 
existing standard industry tools and equipment (slickline). Deployment and retrieval of the well 
gauges will be done using procedures and equipment recommended by the vendor, 
subcontractor, or as is standard per industry practice. 


B.2.9 Corrective Action, Personnel, and Documentation 


Field staff will be responsible for testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, 
then equipment will be returned to the manufacturer for repair or replacement. Significant 
corrective actions that occur during the sampling and data collection activities that affect 
analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section   and are omitted. 


Sample holding times will be consistent with standard methods (Table 17). After collection and 
any necessary preservation, samples will be placed in ice chests in the field and maintained 
thereafter at approximately 4 degrees Celsius (°C) until analysis. The samples will be 
maintained at their preservation temperature and sent to the designated laboratory within 24 
hours. Analysis of the samples will be completed within the holding time listed in Table 17. As 
appropriate, alternative sample containers and preservation techniques approved by the UIC 
Director will be used to meet analytical requirements. 


B.3.1 Maximum Hold Time/Time Before Retrieval 


See Table 17. 
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B.3.2 Sample Transportation 


See description in Section B.2. 


B.3.3 Sampling Documentation 


Field notes will be taken for all groundwater samples collected. These forms will be retained 
and archived as reference. The sample documentation is the responsibility of groundwater 
sampling personnel. A chain-of-custody form will be provided with each CO2 gas stream 
sample or fluid sample provided for analysis as shown in Figure 4 and Figure 5.   


B.3.4 Sample Identification 


All sample bottles will have waterproof labels with information denoting project, sampling 
date, sampling location, sample identification number, fluid sample, sample type, analyte, 
volume, filtration used (if any), and preservative used (if any). See Figure 3 for an example of 
a label. 
 


 
Figure 3: Example label for groundwater sample bottles. 


 


B.3.5 Sample Chain-of-Custody 


For CO2 stream analysis, a chain-of-custody form will accompany the sample to the laboratory 
(Figure 4). The chain-of-custody form will include sample identification (ID), sample collection 
date/time, sample pressure, and analytical requirements.  A chain-of-custody form will 
accompany the sample through the analytical process. Copies of the chain-of-custody forms will 
be retained for reference.  


For groundwater samples, the chain-of-custody will be documented using a standardized form. A 
typical form is shown in Figure 5, and a similar form will be used for all groundwater sampling. 
Copies of the chain-of-custody forms will be provided to the person or lab receiving the samples 
as well as the person or lab transferring the samples. These forms will be retained and archived to 
allow simplified tracking of sample status. The chain-of -custody form and record keeping is the 
responsibility of groundwater sampling personnel. 
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B.4. Analytical Methods 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section and are omitted. 


B.4.1 Analytical SOPs 


Analytical methods are referenced in  Table 5 and Table 6. Upon request, Cleco Power, LLC will 
provide the EPA with all laboratory SOPs developed for the specific parameter using the 
appropriate standard method.  


B.4.2 Equipment/Instrumentation Needed 


Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 5 and Table 6. 


B.4.3 Method Performance Criteria 


Nonstandard method performance criteria are not anticipated for this project. 


B.4.4 Analytical Failure 


Each laboratory conducting the analyses in Table 5 through Table 8 will be responsible 
for appropriately addressing analytical failure according to their individual SOPs. 


B.4.5 Sample Disposal 


Each laboratory conducting the analyses in Table 5 and Table 6 will be responsible for 
appropriate sample disposal according to their individual SOPs. 


B.4.6 Laboratory Turnaround 


Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical 
results within one month will be suitable for project needs. 


B.4.7 Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. 
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Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. 
 


 


 


ATLANTIC ANALYTICAL LABORATORY, LLC 
291 Route 22 East 


CHAIN OF CUSTODY FORM Salem Industrial Park – Building #2 
Lebanon, NJ 08833 


(908) 534-5600 
CUSTOMER NAME: PROJECT LOCATION: COMMENTS: 


SAMPLER SIGNATURE: CUSTOMER SIGNATURE: 


SAMPLING CUSTOMER 
CYLINDER 
NUMBER 


SAMPLE IDENTIFICATION 
(Lot Number, Batch Number, Receiving Number, Part Number, etc.) 


ANALYSIS 
REQUIRED 


ON-SITE 
ANALYSIS DATE / TIME CYLINDER 


NUMBER 
CYLINDER 


SIZE 


       


       


       


       


       


       


       


       


       


       


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


 


Page of  Form AALCOC Rev 6 25 Jun 2020 
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Figure 5: Example chain-of-custody form for the fluid sample analyses. 


 
 


B.5. Quality Control 


Geophysical monitoring and pressure/temperature monitoring do not apply to this section and 
are omitted. For wireline log QC, please refer to Attachment 1. 


B.5.1 QC Activities 


Blanks 


For shallow and deep groundwater/brine sampling, a field blank will be collected and analyzed 
for the inorganic analytes in Table 5 and Table 6 at a frequency of no less than one blank per field 
event. Field blanks will be exposed to the same field and transport conditions as the groundwater 
samples. Field blanks will be used to detect contamination resulting from the collection and 
transportation process.  


No field blanks will be collected for the injection stream sampling.  Contamination and 
representative sampling will be determined through the concentrations of nitrogen and helium 
(that have been spiked into the cylinder) in the sample. 


 


 
 
 
 


Office: _ 
• Job Order Number: _ 


NON COMMERCIAL BILL OF LADING 


CHAIN OF CUSTODY   O   SAMPLE TRANSPORTATION RECORD O   SAMPLE DISTRIBUTION RECORD O   SAMPLE RECEIPT 0 
Point of Origin Intermediary Destination 


 


Full Name 
And Address  


  


Relinquished By  Received By  Received By  
Print  Print  Print  
Date  Date  Date  
Time  Time  Time  


* I hereby declare that the contents of this consignment are fully and accurately described below by the correct technical name(s) (Proper Shipping Name[s]), and are classified, packaged, marked and 
labeled/placard ed, and are in all respects in proper condition for transport according to applicable international and national government regulations. 


Delivered By: Intertek / Commercial carrier 
Inspector/ Driver:                                                                
Carrier:     
Air Bill Number:                                                                     
Date Shipped:      


(circle one) 
 
 
 
 


Note: All volumes must be in Metric units 


Customer Product Description 
Product 1 :  _ 
Product 2: _ 
Product 3 :  _ 
Product 4: _ 


 


UN 
NUM B E R PROPER SHIPPING NAME 


HAZ AR D OU S 
CLASS 


NUMBER 
PACKING 


GROUP 
PRODUCT 
NUMBER 


NUMBEROF 
SAMPLES 


CONTAINER 
SIZE 


SAMPLE SOURCE SEAL 
NUMBER(S) 


         
         
         
         
         
         
         
         
         
         
         
         
         
         


 
 
 
 
 
 


   


 


lntertek 
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Duplicates 


For each fluid sampling round, at least one duplicate sample will be collected from a well. 
Duplicate samples will be collected from the same source immediately after the original sample in 
different sample containers and processed as all other samples. Duplicate samples will be used to 
assess sample heterogeneity and analytical precision. 


B.5.2 Exceeding Control Limits 


If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will be done by evaluating the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the method. The method 
indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and interlaboratory 
results.  If available, suspect ion analyses will then be brought to the attention of the analytical 
laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, the suspect data will be identified and may be given less importance in 
data interpretations. Additional samples may be collected for repeat analyses to confirm the 
analytical results. 


B.5.3 Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine correctness of analyses based on the anion-
cation charge balance calculation. Since fluid samples should be electrically neutral, the 
chemical analyses should yield equally negative and positive ionic activity. The anion-cation 
charge balance will be calculated using the formula: 
 


% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 100 ∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐−∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 
∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐+∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 


where the sums of the ions are represented in milliequivalents per liter and the criteria for 
acceptable charge balance is ±10%. 
Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula: 


1.0 < 𝑚𝑚𝑑𝑑𝑐𝑐𝑐𝑐𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇  < 1.2 
𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇 


 


where the anticipated values are between 1.0 and 1.2. 


Outliers 


, (Equation 
 


, (Equation 
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The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (March 2009) as a basis for 
selection of recommended statistical methods to identify outliers in water/brine chemistry data 
sets as appropriate. These techniques include probability plots, box plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to identify 
potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Logging tool equipment will be maintained as per wireline industry best practices (Attachment 1). 


All pressure, temperature, and mass flow measurement equipment will be maintained per the 
manufacturer’s specifications.  Any necessary calibrations or repairs will also be performed per 
the manufacturer’s specification or by the manufacturer of the equipment.   


For fluid sampling, the field equipment will be maintained, factory serviced, and factory 
calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 
will be included in supplies on hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility 
of the analytical laboratory per standard practice, method-specific protocol, or National 
Environmental Laboratory Accreditation Program (NELAP) requirement. 


B.7. Instrument/Equipment Calibration and Frequency 


Geophysical monitoring does not apply to this section and is omitted. 


B.7.1 Calibration and Frequency of Calibration 


Pressure and temperature gauge calibration information will be performed annually.  Logging 
tool calibration will be at the discretion of the service company providing the equipment and 
following standard industry practices noted in Attachment 1.  


For groundwater sampling, the portable field meters or multiprobe sondes used to determine 
field parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be 
calibrated according to manufacturer recommendations and equipment manuals (i.e., each day 
before sample collection begins).  Recalibration will be performed if any components yield 
atypical values or fail to stabilize during sampling. 


B.7.2 Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices in Attachment 1. 


The pressure, temperature, and mass flow meters will be calibrated annually.   


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 
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potassium chloride solution yielding a value of 1413 microsiemens per centimeter (µS/cm) at 
25°C for specific conductance, and a 100% dissolved O2 solution for dissolved oxygen. 
Calibration is performed for the pH meters per manufacturer’s specifications using a 2-point 
calibration bounding the range of the sample. For coulometry, sodium carbonate standards 
(typically yielding a concentration of 4,000 milligrams [mg] CO2/L) are routinely analyzed to 
evaluate the instrument. 


B.7.3 Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry 
practices in Attachment 1. 


Manufacturers of the pressure, temperature, and mass flow equipment will provide 
calibration certifications for their equipment.  If calibration cannot be achieved with the 
equipment, this piece of equipment will be replaced with a new or calibrated piece of 
equipment. 


For groundwater sampling, calibration values are recorded in daily sampling records and any 
errors in calibration are noted. For parameters where calibration is not acceptable, redundant 
equipment may be used so loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.1 Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 
accepted as required from vendors approved by Cleco Power, LLC, or the respective 
subcontractor responsible for the data collection activity. Acquisition of supplies and 
consumables related to groundwater analyses will be the responsibility of the laboratory per 
established standard methodology or SOPs. 


B.9. Non-direct Measurements 


B.9.1 Seismic Monitoring Methods 


Data Sources 


Borehole seismic VSP surveys will be conducted at regular intervals during and after CO2 
injection. Each of these surveys will be compared to the baseline survey which was acquired 
before the start of CO2 injection. It is important that the only difference between the surveys is 
the change in acoustic properties of the injection formation caused by the presence of CO2. 
Consequently, repeatability of source and receiver types and spacing, source size, and other 
acquisition parameters between surveys is paramount for an accurate comparison.  
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Relevance to Project 


Time-lapse borehole seismic VSP surveys will be used to track changes in the CO2 plume in the 
subsurface. A modeling exercise will be completed to confirm that the planned injected volumes 
of CO2 will result in sufficient change in the rock properties of the injection formation to be 
measured with 3D seismic. 


Processing and comparing subsequent surveys to a baseline survey will allow the project to 
monitor plume growth as well as to ensure that the plume does not migrate beyond the confining 
layer. Computational modeling will be used to predict the CO2 plume growth and migration over 
time by combining the processed seismic data with the existing geologic model. 


Acceptance Criteria 


To ensure survey repeatability, consistent acquisition geometry is required. The seismic sources 
(vibroseis trucks) should be the same for each survey, including the number of trucks, their 
specifications, and the characteristics (sweep parameters) of the seismic energy they generate.  


Data processing for each survey should be the same and the baseline seismic survey should be 
reprocessed alongside each additional repeat seismic survey to ensure consistency. 


Resources/Facilities Needed 


Cleco Power, LLC will subcontract all necessary resources and facilities for seismic monitoring, 
in-zone pressure monitoring, and groundwater sampling. 


Validity Limits and Operating Conditions 


For seismic surveys and computational modeling, intraorganizational checks between trained and 
experienced personnel will ensure that all surveys and computational modeling are conducted 
conforming to standard industry practices. 


B.10. Data Management 


B.10.1 Data Management Scheme 


Cleco Power, LLC or a designated contractor will maintain the project data required in the 
permit. Data will be backed up in electronic format and/or held on secure servers. A separate 
Data Management Plan will be developed to track and store project data. 


B.10.2 Record-keeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 
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B.10.3 Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 
industry techniques and/or manufacturer’s requirements.  


B.10.4 Responsibility 


The primary project managers will be responsible for ensuring proper data management is 
maintained. 


B.10.5 Data Archival and Retrieval 


All data will be held by Cleco Power, LLC. These data will be maintained and stored for 
auditing purposes as described in Section B.10.1. 


B.10.6 Hardware and Software Configurations 


All Cleco Power, LLC and vendor hardware and software configurations will be appropriately 
interfaced. 


B.10.7 Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 


C. Assessment and Oversight 


C.1. Assessments and Response Actions 


C.1.1 Activities to be Conducted 


Groundwater quality data will be collected at the frequency outlined in Table 4. After completion 
of sample analysis, results will be reviewed for QC criteria, as noted in Section B.5. If the data 
quality fails to meet criteria set in Section B.5, samples will be reanalyzed, if still within holding 
time criteria. If outside of holding time criteria or at the operator’s choosing, additional samples 
may be collected, or sample results may be excluded from data evaluations and interpretations. 
Evaluation for data consistency will be performed according to procedures described in the EPA 
2009 Unified Guidance (EPA, 2009). 


C.1.2 Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 
stop-work orders will be handled internally within individual organizations. 


C.1.3 Assessment Reporting 


All assessment information should be reported to the individual organizations’ project manager 
outlined in Section A.1.1. 
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C.1.4 Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 
should be addressed, verified, and documented by the individual project managers and 
communicated to the other project managers as necessary. Corrective actions affecting multiple 
organizations should be addressed by all members of the project leadership and communicated to 
other members on the distribution list for the QASP. Assessments may require integration of 
information from multiple monitoring sources across organizations (operational, in-zone 
monitoring, above-zone monitoring) to determine whether correction actions are required and/or 
the most cost-efficient and effective action to implement. Cleco Power, LLC will coordinate 
multiorganization assessments and corrective actions as warranted based on the severity of the 
event as described in the Emergency and Remedial Response Plan (Permit Section 10.0). 


C.2. Reports to Management 


C.2.1 QA Status Reports 


QA status reports should not be needed. If any testing or monitoring techniques are changed, the 
QASP will be reviewed and updated as appropriate in consultation with EPA. Revised QASPs 
will be distributed by Cleco Power, LLC to the full distribution list at the beginning of this 
document. 


D. Data Validation and Usability 


D.1. Data Review, Verification, and Validation 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data 


The groundwater/brine and injection stream analytical data validation will include the review of 
the concentration units, sample holding times, and the review of duplicate, blank and other 
appropriate QA/QC results. All analytical results will be entered into a database or spreadsheet 
with periodic data review and analysis. Cleco Power, LLC will retain copies of the laboratory 
analytical test results and/or reports. Analytical results will be reported on a frequency based on 
the approved UIC permit conditions. In the periodic reports, data will be presented in graphical 
and tabular formats as appropriate to characterize general system operations and variability with 
time.  


D.2. Verification and Validation Methods  


D.2.1 Data Verification and Validation Processes  
See Sections D.1.1. and B.5 for data verification and validation processes. 


Appropriate statistical software will be used to determine data consistency. 
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D.2.2 Data Verification and Validation Responsibility 


Cleco Power, LLC or its designated subcontractor will verify and validate the injection stream and 
groundwater analytical data. 


D.2.3 Issue Resolution Process and Responsibility 


Cleco Power, LLC or its designated coordinator will provide an overview of the injection stream 
and groundwater data handling, management, and assessment process. Staff involved in these 
processes will consult with the coordinator to determine actions that are required to resolve 
issues. 


D.2.4 Checklist, Forms, and Calculations 


Checklists and forms will be developed specifically to meet permit requirements.  


D.3. Reconciliation with User Requirements 


D.3.1 Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency. 


D.3.2 Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed 
by their respective organizations is presented with the appropriate data-use limitations. 


Cleco Power, LLC will use the current operating procedure for the use, sharing, and 
presentation of results and/or data for the Cleco Diamond Vault Project. This procedure has 
been developed to ensure quality, internal consistency and facilitate tracking and record keeping 
of data end-users and associated publications. 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 44 of 44   


References 


APHA, 2005, Standard methods for the examination of water and wastewater (21st edition), 
American Public Health Association, Washington, DC. 


ASTM, 2010, Method D7069-04 (reapproved 2010), Standard guide for field quality 
assurance in a ground-water sampling event, ASTM International, 100 Barr Harbor Drive, 
West Conshohocken, PA. 


ASTM, 2010, Method D6911-03 (reapproved 2010), Standard guide for packaging and 
shipping environmental samples for laboratory analysis, ASTM International, 100 Barr 
Harbor Drive, West Conshohocken, PA. 


ASTM, 2005, Method D6517-00 (reapproved 2005), Standard guide for field preservation of 
ground- water samples, ASTM International, 100 Barr Harbor Drive, West Conshohocken, 
PA. 


ASTM, 2005, Method D6564-00 (reapproved 2005), Standard guide for field filtration of 
ground-water samples, ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA. 


ASTM, 2005, Method D6452-99 (reapproved 2005), Standard Guide for Purging Methods for 
Wells Used for Ground-Water Quality Investigations, ASTM International, 100 Barr Harbor 
Drive, West Conshohocken, PA. 


ASTM, 2002, Method D513-11, Standard test methods for total and dissolved carbon dioxide 
in water, ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA. 


ASTM, 2002, Method D6771-02, Standard guide for low-flow purging and sampling for wells 
and devices used for ground-water quality investigations, ASTM International, 100 Barr Harbor 
Drive, West Conshohocken, PA. 


Puls, R.W., and M.J. Barcelona, 1996, Low-Flow (Minimal Drawdown) Ground-Water 
Sampling Procedures. U.S. Environmental Protection Agency, EPA-540/S-95/504. 


U.S. Environmental Protection Agency (US EPA), 2009, Statistical analysis of groundwater 
monitoring data at RCRA facilities—Unified Guidance, US EPA, Office of Solid Waste, 
Washington, DC. 


U.S. Environmental Protection Agency (US EPA), 1974, Methods for chemical analysis of 
water and wastes, US EPA Cincinnati, OH, EPA-625-/6-74-003a. 
















 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 2 of 44  


Table of Contents 


Distribution List ............................................................................................................................... 8 


A     Project Management ............................................................................................................ 9 


A.1. Project/Task Organization ................................................................................................. 9 


A.1.1 Key Individuals and Responsibilities ........................................................................ 9 


A.1.2 Independence from Project QA Manager and Data Gathering ................................ 10 


A.1.3 QA Project Plan Responsibility ............................................................................... 10 


A.1.4 Organizational Chart for Key Project Personnel ..................................................... 10 


A.2. Problem Definition/Background ..................................................................................... 10 


A.2.1  Reasoning ................................................................................................................ 10 


A.2.2 Reasons for Initiating the Project ............................................................................ 11 


A.2.3 Regulatory Information, Applicable Criteria, Action Limits .................................. 11 


A.3. Project/Task Description ................................................................................................. 11 


A.3.1 Summary of Work to be Performed and Work Schedule ........................................ 11 


A.3.2 Geographic Locations .............................................................................................. 14 


A.3.3 Resource and Time Constraints ............................................................................... 15 


A.4. Quality Objectives and Criteria ....................................................................................... 15 


A.4.1 Performance/Measurement Criteria......................................................................... 15 


A.4.2 Precision .................................................................................................................. 22 


A.4.3 Bias .......................................................................................................................... 22 


A.4.4 Representativeness ................................................................................................... 22 


A.4.5 Completeness ........................................................................................................... 22 


A.4.6 Comparability .......................................................................................................... 22 


A.5. Special Training/Certifications ....................................................................................... 23 


A.5.1 Specialized Training and Certifications ................................................................... 23 


A.5.2 Training Provider and Responsibility ...................................................................... 23 


A.6. Documentation and Records ........................................................................................... 23 


A.6.1 Report Format and Package Information ................................................................. 23 


A.6.2 Other Project Documents, Records, and Electronic Files ........................................ 23 


A.6.3 Data Storage and Duration ....................................................................................... 23 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 3 of 44  


A.6.4 QASP Distribution Responsibility ........................................................................... 23 


B. Data Generation and Acquisition ........................................................................................... 24 


B.1. Sampling Process Design (Experimental Design) ........................................................... 24 


B.1.1 Design Strategy ........................................................................................................ 24 


B.1.2 Type and Number of Samples/Test Runs ................................................................ 26 


B.1.3 Site/Sampling Locations .......................................................................................... 26 


B.1.4 Sampling Site Contingency ..................................................................................... 27 


B.1.5 Activity Schedule ..................................................................................................... 27 


B.1.6 Critical/Informational Data ..................................................................................... 27 


B.1.7 Sources of Variability .............................................................................................. 27 


B.2. Sampling Methods .......................................................................................................... 28 


B.2.1 Sampling SOPs ........................................................................................................ 28 


B.2.2 In-situ Monitoring.................................................................................................... 29 


B.2.3 Continuous Monitoring ............................................................................................ 30 


B.2.4 Sample Homogenization, Composition, Filtration .................................................. 30 


B.2.5 Sample Containers and Volumes ............................................................................. 30 


B.2.6 Sample Preservation ................................................................................................ 30 


B.2.7 Cleaning/Decontamination of Sampling Equipment ............................................... 31 


B.2.8 Support Facilities ..................................................................................................... 32 


B.2.9 Corrective Action, Personnel, and Documentation.................................................. 32 


B.3. Sample Handling and Custody ........................................................................................ 32 


B.3.1 Maximum Hold Time/Time Before Retrieval ......................................................... 32 


B.3.2 Sample Transportation ............................................................................................. 33 


B.3.3 Sampling Documentation ........................................................................................ 33 


B.3.4 Sample Identification ............................................................................................... 33 


B.3.5 Sample Chain-of-Custody ........................................................................................ 33 


B.4. Analytical Methods ......................................................................................................... 34 


B.4.1 Analytical SOPs ....................................................................................................... 34 


B.4.2 Equipment/Instrumentation Needed ........................................................................ 34 


B.4.3 Method Performance Criteria .................................................................................. 34 


B.4.4 Analytical Failure .................................................................................................... 34 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 4 of 44  


B.4.5 Sample Disposal ...................................................................................................... 34 


B.4.6 Laboratory Turnaround ............................................................................................ 34 


B.4.7 Method Validation for Nonstandard Methods ......................................................... 34 


B.5. Quality Control ............................................................................................................... 36 


B.5.1 QC Activities ........................................................................................................... 36 


B.5.2 Exceeding Control Limits ........................................................................................ 37 


B.5.3 Calculating Applicable QC Statistics ....................................................................... 37 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance ....................................... 38 


B.7. Instrument/Equipment Calibration and Frequency ......................................................... 38 


B.7.1 Calibration and Frequency of Calibration ............................................................... 38 


B.7.2 Calibration Methodology ......................................................................................... 38 


B.7.3 Calibration Resolution and Documentation ............................................................. 39 


B.8. Inspection/Acceptance for Supplies and Consumables ................................................... 39 


B.8.1 Supplies, Consumables, and Responsibilities .......................................................... 39 


B.9. Non-direct Measurements ............................................................................................... 39 


B.9.1 Seismic Monitoring Methods................................................................................... 39 


B.10. Data Management ........................................................................................................... 40 


B.10.1 Data Management Scheme ...................................................................................... 40 


B.10.2 Record-keeping and Tracking Practices .................................................................. 40 


B.10.3 Data Handling Equipment/Procedures..................................................................... 41 


B.10.4 Responsibility .......................................................................................................... 41 


B.10.5 Data Archival and Retrieval .................................................................................... 41 


B.10.6 Hardware and Software Configurations................................................................... 41 


B.10.7 Checklists and Forms ............................................................................................... 41 


C. Assessment and Oversight ..................................................................................................... 41 


C.1. Assessments and Response Actions ................................................................................ 41 


C.1.1 Activities to be Conducted ....................................................................................... 41 


C.1.2 Responsibility for Conducting Assessments ............................................................ 41 


C.1.3 Assessment Reporting ............................................................................................. 41 


C.1.4 Corrective Action ..................................................................................................... 42 


C.2. Reports to Management .................................................................................................. 42 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 5 of 44  


C.2.1 QA Status Reports ................................................................................................... 42 


D. Data Validation and Usability ................................................................................................ 42 


D.1. Data Review, Verification, and Validation ..................................................................... 42 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data ............................................. 42 


D.2. Verification and Validation Methods.............................................................................. 42 


D.2.1 Data Verification and Validation Processes ............................................................ 42 


D.2.2 Data Verification and Validation Responsibility ..................................................... 43 


D.2.3 Issue Resolution Process and Responsibility ........................................................... 43 


D.2.4 Checklist, Forms, and Calculations ......................................................................... 43 


D.3. Reconciliation with User Requirements .......................................................................... 43 


D.3.1 Evaluation of Data Uncertainty ............................................................................... 43 


D.3.2 Data Limitations Reporting ..................................................................................... 43 


References ..................................................................................................................................... 44 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 6 of 44  


List of Tables 


Table 1: Distribution list. ...................................................................................................................... 8 


Table 2: Key individuals and responsibilities....................................................................................... 9 


Table 3: Summary of testing and monitoring. .................................................................................... 12 


Table 4: Summary of direct geochemical measurements. .................................................................. 13 


Table 5: Summary of analytical and field parameters for shallow Quaternary groundwater samples.
 ............................................................................................................................................................ 16 


Table 6: Summary of laboratory analytical and field parameters for groundwater samples. ............. 17 


Table 7: Summary of analytical parameters for CO2 gas stream. All analysis will be performed by a 
certified third-party laboratory. .......................................................................................................... 18 


Table 8: Summary of analytical parameters for corrosion coupons. .................................................. 18 


Table 9: Mass Flow Rate Field Gauge— CO2 Mass Flow Rate......................................................... 19 


Table 10: Mass Flow Rate Field Gauge— CO2 Mass Flow Rate....................................................... 19 


Table 11: Pressure Field Gauge —Injection tubing, annulus, pipeline. ............................................. 20 


Table 12: Temperature Field Gauge —Injection tubing, annulus, pipeline. ...................................... 20 


Table 13: Pressure and temperature—bottomhole gauge specifications (PPS25). ............................. 20 


Table 14: Representative logging tool specifications.  Actual tools used will be comparable. .......... 21 


Table 15: Actionable testing and monitoring outputs. ........................................................................ 21 


Table 16: Stabilization criteria of water quality parameters during shallow well purging. ................ 29 


Table 17: Preservation, containers, and hold times for aqueous samples. ......................................... 31 


Table 18: Preservation, containers, and hold times for aqueous samples. ......................................... 31 


 


 


 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 7 of 44  


List of Figures 


Figure 1: Cleco Power, LLC project organization structure. .............................................................. 10 


Figure 2: Cleco Diamond Vault Project area. ..................................................................................... 14 


Figure 3: Example label for groundwater sample bottles. .................................................................. 33 


Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. ................. 35 


Figure 5: Example chain-of-custody form for the fluid sample analyses. .......................................... 36 







 
 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 8 of 44  


 


Distribution List 
 
The following project participants (Table 1) will receive the completed Quality Assurance and 
Surveillance Plan (QASP) and all future updates for the duration of the project. The Cleco 
Power, LLC VP Generation Operations will be responsible for ensuring that all of those on the 
distribution list receive the most current copy of the approved QASP.   
 
 
 


Table 1: Distribution list. 
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A.1.2 Independence from Project QA Manager and Data Gathering 


To ensure quality assurance (QA), the sample collection process, data analysis and processing 
will be performed or witnessed by independent third parties outside the management structure in 
most cases. 


A.1.3 QA Project Plan Responsibility 


Cleco Power, LLC will be responsible for maintaining and distributing the official, approved 
QASP and will periodically review this QASP and consult with EPA when changes to the plan 
are required. 


A.1.4 Organizational Chart for Key Project Personnel 


Figure 1 shows the organizational structure of the Cleco Diamond Vault Project. Cleco Power, 
LLC will provide a contact list of individuals fulfilling these roles to the Underground Injection 
Control (UIC) Program Director, if required.  


Figure 1: Cleco Power, LLC project organization structure. 
 


A.2. Problem Definition/Background 


A.2.1  Reasoning 


The goals of the Testing and Monitoring Plan (Permit Section 7.0) include:  


• Protecting underground sources of drinking water (USDWs) 


• Meeting the regulatory requirements of 40 Code of Federal Regulations (CFR) 146.90 


• Ensuring that the injection well is operating as planned 


• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of carbon dioxide (CO2) within the injection zone 


• Support Area of Review (AoR) re-evaluations over the course of the project 


Sensitive, Confidential, or Privileged Information
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These objectives will be met through the collection of pressure/temperature data within and 
above the storage formation, the collection of groundwater and fluid samples from shallow and 
deep monitoring wells, wireline logging techniques, pressure/temperature measurements in the 
tubing and annular space of the injection well and deep monitoring wells, sample 
collection/analysis of the injection stream, and geophysical monitoring. 


This QASP was developed to ensure the quality standards of the Testing and Monitoring Plan to 
meet the requirements of the EPA UIC Program for Class VI wells. 


 


A.2.2 Reasons for Initiating the Project 
 
The objective of the Cleco Diamond Vault Project is to store injected CO2 safely and permanently in 
the injection formation. The Testing and Monitoring Plan for this project has been designed to 
confirm the safe and permanent storage of the CO2 within the intended storage reservoir.   


A.2.3 Regulatory Information, Applicable Criteria, Action Limits 


US EPA regulation 40 CFR 146 Subpart H requires owners or operators of Class VI wells to 
monitor several parameters over the life of the project to ensure that: 


• Mechanical integrity of the injection well is maintained 


• Fluid migration and the extent of pressure elevation are within the limits described in the 
permit application 


• USDWs are not endangered  


Monitoring activities include mechanical integrity tests (MITs), pressure fall-off (PFO) tests 
during the injection phase of the project, monitoring of shallow and deep groundwater quality, and 
development of the CO2 plume and associated pressure front. This document details the 
measurements that will be required as well as the steps used to ensure that the quality of all data is 
such that it can be used in the decision-making process over the life of the project. 


A.3. Project/Task Description 


A.3.1 Summary of Work to be Performed and Work Schedule 


Table 3 and Table 4 describe a summary of the testing and monitoring tasks, reasoning, 
responsible parties, locations, and testing frequency.  
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A.3.2 Geographic Locations 
 
Figure 2 shows the Cleco Diamond Vault Project site. 
 


Figure 2: Cleco Diamond Vault Project area. 


Sensitive, Confidential, or Privileged Information
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A.3.3 Resource and Time Constraints 


Cleco Power, LLC proposes a 10-year post injection site care (PISC) phase. Computer Modelling 
Group (CMG-GEM) simulations will be run throughout the project and matched with actual field 
data collected under the Testing and Monitoring Plan.  The simulations and field testing will 
confirm that plume stability modeling will be accurate beyond the 10-year period.  


A.4. Quality Objectives and Criteria 


A.4.1 Performance/Measurement Criteria 


The overall QA objective for the Testing and Monitoring Plan is to develop and implement 
procedures to monitor the CO2 injection system, development of the CO2 plume and associated 
pressure front, and to confirm that CO2 or other fluids have not migrated beyond the confining 
layer.  This objective will be accomplished through the implementation of the methods provided 
in Table 3 and Table 4. The tables below (Table 5 to Table 15) detail the specific performance and 
measurement criteria for each testing and monitoring output.   
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A.4.2 Precision 


The specification and precision of each monitoring method are detailed in the tables above. For 
groundwater sampling, the accuracy of the data will be assessed by the collection and analysis 
of field blanks to test sampling procedures and matrix spikes to test lab procedures.  Field 
blanks will be taken no less than one per sampling event to determine if the sample bottle is 
contaminated.  Laboratory assessment of analytical precision will be the responsibility of the 
individual laboratories per their standard operating procedures (SOPs).   


A.4.3 Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 
per their SOPs and analytical methodologies. For direct pressure or logging measurements, there 
is no bias. 


A.4.4 Representativeness 


For groundwater sampling, data representativeness expresses the degree to which data accurately 
and precisely represent a characteristic of a population, parameter variations at a sampling point, 
a process condition, or an environmental condition. The sampling network has been designed to 
provide data that are representative of site conditions. For the analytical results of individual 
groundwater samples, representativeness will be estimated by ion charge and mass balances. Ion 
balances with ±10% error or less will be considered valid. Mass balance assessment will be used 
in cases where the ion balance is greater than ±10% to help determine the source of error. For a 
sample and its duplicate, if the relative percent difference (RPD) is greater than 10%, the sample 
may be considered non-representative.  


A.4.5 Completeness 


For groundwater sampling, data completeness is a measure of the amount of valid data obtained 
from a   measurement system compared to the amount that was expected to be obtained under 
normal conditions. It is anticipated that data completeness of 90% for groundwater sampling will 
be acceptable to meet monitoring goals. For direct pressure, temperature, and flow measurements, 
it is expected that data will be recorded no less than 90% of the time. 


A.4.6 Comparability 


Data comparability expresses the confidence with which one data set can be compared to 
another. The data sets to be generated by this project will be very comparable to future data sets 
because of the use of standard methods and the level of quality assurance/quality control 
(QA/QC) effort. Direct pressure, temperature, and logging measurements will be directly 
comparable to previously obtained baseline or project data. 
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A.5. Special Training/Certifications 


A.5.1 Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 
qualified, and certified personnel, according to the service company which provides the 
equipment. The subsequent data will be processed and analyzed according to industry standards. 
Examples of these are shown in Attachment 1.  


No specialized certifications are required for personnel conducting groundwater sampling, but 
field sampling will be conducted by trained personnel. Groundwater sampling will be conducted 
by personnel trained to understand and follow the project-specific sampling procedures.  


Upon request, the agency will be provided with all laboratory SOPs developed for the specific 
parameter using the appropriate standard method. Each laboratory technician conducting the 
analysis on the samples will be trained on the SOP developed for each standard method. The 
technician’s training certification will be included with the biannual report. 


A.5.2 Training Provider and Responsibility 


Training for personnel will be provided by the operator or by the subcontractor responsible for 
the data collection activity. 


A.6. Documentation and Records 


A.6.1 Report Format and Package Information 


A semi-annual report from Cleco Power, LLC to EPA will contain all required project data, 
including the testing and monitoring information as specified by the UIC Class VI permit. 
Data will be provided in electronic or other formats as required by the UIC Director. 


A.6.2 Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data 
will be provided as required by the UIC Director. 


A.6.3 Data Storage and Duration 


Cleco Power, LLC or a designated contractor will maintain the required project data as provided 
elsewhere in the permit. 


A.6.4 QASP Distribution Responsibility 


The Cleco Power LLC Manager will be responsible for ensuring that all those on the 
distribution will receive the most current copy of the approved QASP. 
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B. Data Generation and Acquisition 


B.1. Sampling Process Design (Experimental Design) 


During the pre-injection phase, fluid samples will be collected and analyzed for parameters listed 
in Table 5 and Table 6 of geochemical parameters to establish baseline conditions of the fluids 
within the target formations.  Regular sampling will be performed during the injection and post-
injection phases of the project to track the migration of CO2 through the storage formation and to 
confirm that CO2 and other fluids of interest have not migrated out of the storage formation. 
Analytes will include selected constituents that are:  


• Primary and secondary EPA drinking water contaminants 


• Those most responsive in the interaction of CO2 with the formation fluids and minerals 


• Those needed for QC 


The full set of selected parameters for each sampling interval is given in Table 5 and Table 6. All 
samples will be analyzed using a laboratory that meets the requirements under the EPA 
Environmental Laboratory Accreditation Program. Isotopic analysis will be conducted using 
established methods. The pressure, temperature, and flowrate of the CO2 injection stream will be 
monitored on a continuous basis using instrumentation located in the flowline between the final 
compression stage and the wellhead.  In addition, samples of the injection stream will be collected 
on a quarterly basis for analysis.  The sampling and analysis will be completed to ensure 
compliance with the approved Class VI permit.   


B.1.1 Design Strategy 


CO2 Stream Monitoring Strategy 


Regular sampling of the CO2 stream provides an evaluation of the potential interactions of the 
CO2 and other constituents of the injection stream with mineral components and fluids within the 
storage formation. It can also identify increases in trace components, such as water content, that 
could accelerate well corrosion and negatively impact well integrity. Minor variation (<5%) is 
expected in the composition of the injected CO2 stream which will pass through two scrubbers 
prior to entering the compressor and the pipeline.  As a result, quarterly sampling of the CO2 
injection stream will be sufficient to accurately track the composition of the stream. An initial 
calibration and validation of the instruments will be performed by the manufacturers and will be 
verified by the project on a regular basis.  


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to assess the mechanical integrity of the 
well components that are in contact with the CO2. The coupons will be assessed for signs of 
corrosion and any loss of mass thickness, cracking, pitting, and other signs of corrosion that could 
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be indicative of future well integrity issues.  The analysis will be in accordance with National 
Association of Corrosion Engineers (NACE) Standard RP-0775 (or similar) to determine and 
document corrosion wear rates. 


Shallow Groundwater Monitoring Strategy 


There is an existing, extensive, groundwater monitoring program in place at the facility. A subset 
of this network will be selected, and supplemented with additional wells, to provide the required 
sampling coverage across the AoR.   


Baseline groundwater samples will be acquired from these wells to characterize the seasonal 
variations in water quality within the AoR prior to the start of CO2 injection.  These groundwater 
samples will also have their geochemistry and stable isotopes analyzed.  Throughout the injection 
and PISC phases of the project, the results of the aqueous geochemistry and isotope analyses will 
be compared to the baseline conditions for any indication of CO2 or brine migration into the 
shallow groundwater aquifer. 


Deep Groundwater Monitoring Strategy 


A deep, above confining zone (ACZ) groundwater well will be drilled for the project (40 CFR 
146.90 (d)) near the injection well to monitor the aquifers immediately above the confining layer 
in the event that there is CO2 or brine migration out of the storage formation along the injection 
wellbore (Figure 2). This well will allow for pressure and temperature monitoring as well as 
periodic fluid sampling in the deepest USDW. The well will be equipped with memory-style 
pressure gauges in the tubing string, such as Pioneer Petrotech PPS25 or similar, that record data 
every 60 seconds. The well will be configured in such a way as to isolate these formations such 
that the gauges measure the pressure from each interval separately. The well will also be 
equipped with fiber optic (FO) cable installed behind the casing for continuous distributed 
temperature sensing (DTS). A bailer system will be used to collect the fluid samples to evaluate 
geochemical changes in groundwater fluids. Samples will be analyzed for field constituents using 
a calibrated water quality meter (Horiba U-53, or similar).  The geochemical analyses will be 
performed by Intertek Laboratories, or a similar laboratory.  The isotopic analyses will be 
performed by Isotech Laboratories, or a similar laboratory.   


CO2 or brine migration into the deepest USDW will most likely be first identified through pressure 
changes in the formation. The presence of CO2 or brine in the overlying aquifers can be further 
confirmed through aqueous geochemistry data and analysis of isotopes. If deep early-detection 
monitoring data indicate that CO2 has migrated out of the primary storage formation, it will trigger 
external well integrity testing of the injection and deep monitoring wells.  It may also trigger a 
time-lapse borehole seismic VSP survey earlier than initially planned. 


Storage Formation Monitoring Strategy 


The storage formation will be monitored through pressure and temperature sensors, fluid 
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sampling and analysis, pulsed neutron capture (PNC) logging, time-lapse borehole seismic VSP 
data, and microseismic monitoring to characterize the development of the CO2 and pressure 
plumes over the injection and PISC phases of the project.  Fluid samples will be collected from 
the deep monitoring well on a biannual basis until the well becomes saturated with CO2, while the 
pressure gauges will be retrieved for data download. PNC logging will be used to determine the 
CO2 saturation adjacent to the injection and deep monitoring well.  The PNC logging will also 
confirm that CO2 has not migrated above the confining layer.   


Deep Monitoring Well Sampling 


The deep monitoring well will be used to monitor the pressure and CO2 plume development in the 
storage formation through the injection phase of the project.  Fluid samples will be collected on a 
semi-annual basis from the injection formation to monitor aqueous geochemistry changes within 
the formation.  The well will be swabbed to produce representative formation fluid in the well. 
During the swabbing process, the swab water will be analyzed in the field using a calibrated 
water quality meter (Horiba U-53, or similar). After swabbing the well, fluid samples will be 
collected using a bailer-style system.  Samples will be analyzed for constituents that can be used 
to measure changes in chemistry that would be caused by interaction with the injected CO2 (Table 
4).  Intertek Laboratories, or a similar laboratory, will analyze the geochemical species.  Isotech, 
or similar laboratory will be used to perform the isotopic analyses.  A set of memory-style 
pressure and temperature gauges (Petrotech PPS25 or similar) will also be placed in the deep 
monitoring well to track the pressure response due to CO2 injection.  These gauges will be 
programmed to collect data every 60 seconds.  


B.1.2 Type and Number of Samples/Test Runs 


The types, frequencies, and additional details of the sampling and monitoring methods are provided 
in Table 3 of this document. 


B.1.3 Site/Sampling Locations 


A network of shallow groundwater wells will be used,  and a deep ACZ groundwater 
monitoring well will be drilled. The geochemistry of the storage formation will be monitored 
using the deep monitoring well. 


The chemical composition, pressure and temperature, and mass flowrates of the CO2 injection 
stream will be monitored downstream of the last stage of compression and upstream of the 
injection well.  At the injection well, the wellhead and storage formation pressure and 
temperature will be measured along with the annular pressure and volume.  In addition, 
corrosion monitoring will be completed in the pipeline between the compressor and the 
injection well.  PNC logging will be performed in the ACZ well and the deep monitoring well 
to monitor the CO2 plume development in the storage formation as well as for potential 
migration of CO2 above the confining layer.  Temperature measurements will be acquired in 
the injection and deep monitoring wells on an annual basis to confirm external mechanical 
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integrity. 


B.1.4 Sampling Site Contingency 


The shallow groundwater, ACZ, and deep monitoring wells are all located on Cleco Power, LLC 
property where the Cleco Diamond Vault Project is located.  Access to the wells is not anticipated 
to be a problem over the course of the project.  The surface location of the wells are all located on 
land not near any residential buildings or any rough terrain. If inclement weather makes site 
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that 
would still meet permit-related conditions. 


B.1.5 Activity Schedule 


Table 3 provides the schedules for the sampling and monitoring activities along with other 
pertinent details regarding the techniques. 


B.1.6 Critical/Informational Data 


During data acquisition for the testing and monitoring activities, field and laboratory information 
will be documented in detail. Information will be recorded in field and laboratory forms and 
notebooks. Critical information will include the time and date of activity, person(s) performing 
activity, location of the activity or instrument, field or laboratory instrument calibration data, and 
field parameter values. For laboratory analyses, much of the critical data will be generated during 
the analysis and provided to the project in digital and printed formats. Noncritical data may 
include the appearance and problems with the wells or sampling/monitoring equipment, and 
weather conditions. 


B.1.7 Sources of Variability 


Potential sources of variability related to monitoring activities include: 


• Natural variations in fluid geochemistry, formation pressure and temperature, and seismic 
activity  


• Variation in fluid geochemistry, formation pressure and temperature, and seismic activity 
due to project operations  


• Changes in groundwater recharge due to rainfall, drought, and snowfall  


• Changes in instrument calibration during sampling or analytical activity  


• Variations in the staff collecting or analyzing samples 


• Differences in environmental conditions during field activities 


• Changes in analytical data quality during life of project 


• Data entry errors related to maintaining project database 
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Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:  


• Collection of long-term baseline data to observe and document natural variation in 
monitoring parameters 


• Evaluation of data in timely manner after collection to observe anomalies in data that can 
be addressed through resampling  


• Conducting statistical analysis of monitoring data to determine whether variability in a 
data set is the result of project activities or natural variation  


• Checking instrument calibration before, during and after sampling or sample analysis  


• Staff training 


• The use of standard operating procedures to describe testing and monitoring activities 


• Conducting laboratory QA checks using third party reference materials, and/or blind 
and/or replicate sample checks 


B.2. Sampling Methods 


Well logging, geophysical monitoring, and pressure/temperature monitoring do not apply to this 
section. 


B.2.1 Sampling SOPs 


Groundwater samples will be collected from the shallow groundwater wells using a low-flow 
sampling method consistent with ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a 
flow-through cell is not used, field parameters will be measured in grab samples. Groundwater 
wells will be purged to ensure samples are representative of formation water quality. Static water 
levels in each well will be determined using an electronic water level indicator before any 
purging or sampling activities begin. Dedicated pumps (e.g., bladder pumps) will be installed in 
each monitoring well to minimize potential cross contamination between wells. The pH, 
temperature, specific conductance, and dissolved oxygen of the purge water will be monitored in 
the field using portable probes and a flow-through cell consistent with standard methods given 
sufficient flow rates and volumes. Field chemistry probes will be calibrated at the beginning of 
each sampling day according to equipment manufacturer procedures using standard reference 
solutions. When a flow-through cell is used, field parameters will be continuously monitored and 
will be considered stable when three successive measurements made three minutes apart meet the 
criteria listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration will 
be filtered through 0.45 micrometer (µm) flow-through filter cartridges as appropriate and 
consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 
minimum of 100 milliliters (mL) of well water (or more if required by the filter manufacturer). 
For alkalinity and total CO2 samples, efforts will be made to minimize exposure to the 
atmosphere during filtration. 
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B.2.3 Continuous Monitoring 


The pressure and temperature in the deep monitoring wells will be continuously monitored using 
retrievable data-logging pressure/temperature gauges.  These data will be used to calibrate the 
computational modeling over the life of the project.   


B.2.4 Sample Homogenization, Composition, Filtration 


Sample homogenization, composition, and filtrations is described in Section B.2.1. 


B.2.5 Sample Containers and Volumes 


For CO2 stream monitoring, samples will be collected in a clean sample cylinder rated for the 
appropriate collection pressure provided by a laboratory such as Atlantic Analytical Laboratory. 


CO2 quarterly gas analysis will include: 


• CO2 Purity (% volume [v]/v, gas chromatograph [GC]) 


• Oxygen (O2, parts per million [ppm] v/v) 


• Nitrogen (N2, ppm v/v) 


• Hydrogen Sulfide (H2S ppm v/v) 


For shallow and deep fluid samples, all sample bottles will be new. Sample bottles for analytes 
will be used as received from the vendor or contract analytical laboratory for the analyte of 
interest. A summary of sample containers is presented in Table 17. 


B.2.6 Sample Preservation 


For groundwater and other aqueous samples, the preservation methods provided in Table 17 will be 
used. 
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placed in plastic bags for transport to the field for installation. All field glassware (pipets, 
beakers, filter holders, etc.) will be cleaned with tap water to remove any loose dirt and rinsed 
three times with deionized water before use. CO2 gas stream sampling cylinders will be 
decontaminated by the analytical lab, and no sampling equipment will be utilized with the 
corrosion coupons or annual field gauge calibrations. 


B.2.8 Support Facilities 


Field activities are usually completed in mobile laboratory vehicles or trailers located on site. 
Fluid sampling may require the use of an air compressor, vacuum pump, generator, filters, and 
analytical meters (pH, specific conductance, etc.). Sample tubing, connectors and valves 
required to sample the CO2 gas stream will be supplied by the analytical lab providing the 
sampling containers. Sampling will occur within the CO2 compression building. Similarly, 
corrosion coupons will be removed from the CO2 injection line. 


Field gauges will be removed from the injection deep monitoring and ACZ wells utilizing 
existing standard industry tools and equipment (slickline). Deployment and retrieval of the well 
gauges will be done using procedures and equipment recommended by the vendor, 
subcontractor, or as is standard per industry practice. 


B.2.9 Corrective Action, Personnel, and Documentation 


Field staff will be responsible for testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, 
then equipment will be returned to the manufacturer for repair or replacement. Significant 
corrective actions that occur during the sampling and data collection activities that affect 
analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section   and are omitted. 


Sample holding times will be consistent with standard methods (Table 17). After collection and 
any necessary preservation, samples will be placed in ice chests in the field and maintained 
thereafter at approximately 4 degrees Celsius (°C) until analysis. The samples will be 
maintained at their preservation temperature and sent to the designated laboratory within 24 
hours. Analysis of the samples will be completed within the holding time listed in Table 17. As 
appropriate, alternative sample containers and preservation techniques approved by the UIC 
Director will be used to meet analytical requirements. 


B.3.1 Maximum Hold Time/Time Before Retrieval 


See Table 17. 
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B.3.2 Sample Transportation 


See description in Section B.2. 


B.3.3 Sampling Documentation 


Field notes will be taken for all groundwater samples collected. These forms will be retained 
and archived as reference. The sample documentation is the responsibility of groundwater 
sampling personnel. A chain-of-custody form will be provided with each CO2 gas stream 
sample or fluid sample provided for analysis as shown in Figure 4 and Figure 5.   


B.3.4 Sample Identification 


All sample bottles will have waterproof labels with information denoting project, sampling 
date, sampling location, sample identification number, fluid sample, sample type, analyte, 
volume, filtration used (if any), and preservative used (if any). See Figure 3 for an example of 
a label. 
 


 
Figure 3: Example label for groundwater sample bottles. 


 


B.3.5 Sample Chain-of-Custody 


For CO2 stream analysis, a chain-of-custody form will accompany the sample to the laboratory 
(Figure 4). The chain-of-custody form will include sample identification (ID), sample collection 
date/time, sample pressure, and analytical requirements.  A chain-of-custody form will 
accompany the sample through the analytical process. Copies of the chain-of-custody forms will 
be retained for reference.  


For groundwater samples, the chain-of-custody will be documented using a standardized form. A 
typical form is shown in Figure 5, and a similar form will be used for all groundwater sampling. 
Copies of the chain-of-custody forms will be provided to the person or lab receiving the samples 
as well as the person or lab transferring the samples. These forms will be retained and archived to 
allow simplified tracking of sample status. The chain-of -custody form and record keeping is the 
responsibility of groundwater sampling personnel. 
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B.4. Analytical Methods 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section and are omitted. 


B.4.1 Analytical SOPs 


Analytical methods are referenced in  Table 5 and Table 6. Upon request, Cleco Power, LLC will 
provide the EPA with all laboratory SOPs developed for the specific parameter using the 
appropriate standard method.  


B.4.2 Equipment/Instrumentation Needed 


Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 5 and Table 6. 


B.4.3 Method Performance Criteria 


Nonstandard method performance criteria are not anticipated for this project. 


B.4.4 Analytical Failure 


Each laboratory conducting the analyses in Table 5 through Table 8 will be responsible 
for appropriately addressing analytical failure according to their individual SOPs. 


B.4.5 Sample Disposal 


Each laboratory conducting the analyses in Table 5 and Table 6 will be responsible for 
appropriate sample disposal according to their individual SOPs. 


B.4.6 Laboratory Turnaround 


Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical 
results within one month will be suitable for project needs. 


B.4.7 Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. 
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Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. 
 


 


 


ATLANTIC ANALYTICAL LABORATORY, LLC 
291 Route 22 East 


CHAIN OF CUSTODY FORM Salem Industrial Park – Building #2 
Lebanon, NJ 08833 


(908) 534-5600 
CUSTOMER NAME: PROJECT LOCATION: COMMENTS: 


SAMPLER SIGNATURE: CUSTOMER SIGNATURE: 


SAMPLING CUSTOMER 
CYLINDER 
NUMBER 


SAMPLE IDENTIFICATION 
(Lot Number, Batch Number, Receiving Number, Part Number, etc.) 


ANALYSIS 
REQUIRED 


ON-SITE 
ANALYSIS DATE / TIME CYLINDER 


NUMBER 
CYLINDER 


SIZE 


       


       


       


       


       


       


       


       


       


       


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


 


Page of  Form AALCOC Rev 6 25 Jun 2020 
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Figure 5: Example chain-of-custody form for the fluid sample analyses. 


 
 


B.5. Quality Control 


Geophysical monitoring and pressure/temperature monitoring do not apply to this section and 
are omitted. For wireline log QC, please refer to Attachment 1. 


B.5.1 QC Activities 


Blanks 


For shallow and deep groundwater/brine sampling, a field blank will be collected and analyzed 
for the inorganic analytes in Table 5 and Table 6 at a frequency of no less than one blank per field 
event. Field blanks will be exposed to the same field and transport conditions as the groundwater 
samples. Field blanks will be used to detect contamination resulting from the collection and 
transportation process.  


No field blanks will be collected for the injection stream sampling.  Contamination and 
representative sampling will be determined through the concentrations of nitrogen and helium 
(that have been spiked into the cylinder) in the sample. 


 


 
 
 
 


Office: _ 
• Job Order Number: _ 


NON COMMERCIAL BILL OF LADING 


CHAIN OF CUSTODY   O   SAMPLE TRANSPORTATION RECORD O   SAMPLE DISTRIBUTION RECORD O   SAMPLE RECEIPT 0 
Point of Origin Intermediary Destination 


 


Full Name 
And Address  


  


Relinquished By  Received By  Received By  
Print  Print  Print  
Date  Date  Date  
Time  Time  Time  


* I hereby declare that the contents of this consignment are fully and accurately described below by the correct technical name(s) (Proper Shipping Name[s]), and are classified, packaged, marked and 
labeled/placard ed, and are in all respects in proper condition for transport according to applicable international and national government regulations. 


Delivered By: Intertek / Commercial carrier 
Inspector/ Driver:                                                                
Carrier:     
Air Bill Number:                                                                     
Date Shipped:      


(circle one) 
 
 
 
 


Note: All volumes must be in Metric units 


Customer Product Description 
Product 1 :  _ 
Product 2: _ 
Product 3 :  _ 
Product 4: _ 


 


UN 
NUM B E R PROPER SHIPPING NAME 


HAZ AR D OU S 
CLASS 


NUMBER 
PACKING 


GROUP 
PRODUCT 
NUMBER 


NUMBEROF 
SAMPLES 


CONTAINER 
SIZE 


SAMPLE SOURCE SEAL 
NUMBER(S) 


         
         
         
         
         
         
         
         
         
         
         
         
         
         


 
 
 
 
 
 


   


 


lntertek 
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Duplicates 


For each fluid sampling round, at least one duplicate sample will be collected from a well. 
Duplicate samples will be collected from the same source immediately after the original sample in 
different sample containers and processed as all other samples. Duplicate samples will be used to 
assess sample heterogeneity and analytical precision. 


B.5.2 Exceeding Control Limits 


If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will be done by evaluating the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the method. The method 
indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and interlaboratory 
results.  If available, suspect ion analyses will then be brought to the attention of the analytical 
laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, the suspect data will be identified and may be given less importance in 
data interpretations. Additional samples may be collected for repeat analyses to confirm the 
analytical results. 


B.5.3 Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine correctness of analyses based on the anion-
cation charge balance calculation. Since fluid samples should be electrically neutral, the 
chemical analyses should yield equally negative and positive ionic activity. The anion-cation 
charge balance will be calculated using the formula: 
 


% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 100 ∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐−∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 
∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐+∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 


where the sums of the ions are represented in milliequivalents per liter and the criteria for 
acceptable charge balance is ±10%. 
Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula: 


1.0 < 𝑚𝑚𝑑𝑑𝑐𝑐𝑐𝑐𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇  < 1.2 
𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇 


 


where the anticipated values are between 1.0 and 1.2. 


Outliers 


, (Equation 
 


, (Equation 
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The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (March 2009) as a basis for 
selection of recommended statistical methods to identify outliers in water/brine chemistry data 
sets as appropriate. These techniques include probability plots, box plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to identify 
potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Logging tool equipment will be maintained as per wireline industry best practices (Attachment 1). 


All pressure, temperature, and mass flow measurement equipment will be maintained per the 
manufacturer’s specifications.  Any necessary calibrations or repairs will also be performed per 
the manufacturer’s specification or by the manufacturer of the equipment.   


For fluid sampling, the field equipment will be maintained, factory serviced, and factory 
calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 
will be included in supplies on hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility 
of the analytical laboratory per standard practice, method-specific protocol, or National 
Environmental Laboratory Accreditation Program (NELAP) requirement. 


B.7. Instrument/Equipment Calibration and Frequency 


Geophysical monitoring does not apply to this section and is omitted. 


B.7.1 Calibration and Frequency of Calibration 


Pressure and temperature gauge calibration information will be performed annually.  Logging 
tool calibration will be at the discretion of the service company providing the equipment and 
following standard industry practices noted in Attachment 1.  


For groundwater sampling, the portable field meters or multiprobe sondes used to determine 
field parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be 
calibrated according to manufacturer recommendations and equipment manuals (i.e., each day 
before sample collection begins).  Recalibration will be performed if any components yield 
atypical values or fail to stabilize during sampling. 


B.7.2 Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices in Attachment 1. 


The pressure, temperature, and mass flow meters will be calibrated annually.   


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 
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potassium chloride solution yielding a value of 1413 microsiemens per centimeter (µS/cm) at 
25°C for specific conductance, and a 100% dissolved O2 solution for dissolved oxygen. 
Calibration is performed for the pH meters per manufacturer’s specifications using a 2-point 
calibration bounding the range of the sample. For coulometry, sodium carbonate standards 
(typically yielding a concentration of 4,000 milligrams [mg] CO2/L) are routinely analyzed to 
evaluate the instrument. 


B.7.3 Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry 
practices in Attachment 1. 


Manufacturers of the pressure, temperature, and mass flow equipment will provide 
calibration certifications for their equipment.  If calibration cannot be achieved with the 
equipment, this piece of equipment will be replaced with a new or calibrated piece of 
equipment. 


For groundwater sampling, calibration values are recorded in daily sampling records and any 
errors in calibration are noted. For parameters where calibration is not acceptable, redundant 
equipment may be used so loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.1 Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 
accepted as required from vendors approved by Cleco Power, LLC, or the respective 
subcontractor responsible for the data collection activity. Acquisition of supplies and 
consumables related to groundwater analyses will be the responsibility of the laboratory per 
established standard methodology or SOPs. 


B.9. Non-direct Measurements 


B.9.1 Seismic Monitoring Methods 


Data Sources 


Borehole seismic VSP surveys will be conducted at regular intervals during and after CO2 
injection. Each of these surveys will be compared to the baseline survey which was acquired 
before the start of CO2 injection. It is important that the only difference between the surveys is 
the change in acoustic properties of the injection formation caused by the presence of CO2. 
Consequently, repeatability of source and receiver types and spacing, source size, and other 
acquisition parameters between surveys is paramount for an accurate comparison.  
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Relevance to Project 


Time-lapse borehole seismic VSP surveys will be used to track changes in the CO2 plume in the 
subsurface. A modeling exercise will be completed to confirm that the planned injected volumes 
of CO2 will result in sufficient change in the rock properties of the injection formation to be 
measured with 3D seismic. 


Processing and comparing subsequent surveys to a baseline survey will allow the project to 
monitor plume growth as well as to ensure that the plume does not migrate beyond the confining 
layer. Computational modeling will be used to predict the CO2 plume growth and migration over 
time by combining the processed seismic data with the existing geologic model. 


Acceptance Criteria 


To ensure survey repeatability, consistent acquisition geometry is required. The seismic sources 
(vibroseis trucks) should be the same for each survey, including the number of trucks, their 
specifications, and the characteristics (sweep parameters) of the seismic energy they generate.  


Data processing for each survey should be the same and the baseline seismic survey should be 
reprocessed alongside each additional repeat seismic survey to ensure consistency. 


Resources/Facilities Needed 


Cleco Power, LLC will subcontract all necessary resources and facilities for seismic monitoring, 
in-zone pressure monitoring, and groundwater sampling. 


Validity Limits and Operating Conditions 


For seismic surveys and computational modeling, intraorganizational checks between trained and 
experienced personnel will ensure that all surveys and computational modeling are conducted 
conforming to standard industry practices. 


B.10. Data Management 


B.10.1 Data Management Scheme 


Cleco Power, LLC or a designated contractor will maintain the project data required in the 
permit. Data will be backed up in electronic format and/or held on secure servers. A separate 
Data Management Plan will be developed to track and store project data. 


B.10.2 Record-keeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 
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B.10.3 Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 
industry techniques and/or manufacturer’s requirements.  


B.10.4 Responsibility 


The primary project managers will be responsible for ensuring proper data management is 
maintained. 


B.10.5 Data Archival and Retrieval 


All data will be held by Cleco Power, LLC. These data will be maintained and stored for 
auditing purposes as described in Section B.10.1. 


B.10.6 Hardware and Software Configurations 


All Cleco Power, LLC and vendor hardware and software configurations will be appropriately 
interfaced. 


B.10.7 Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 


C. Assessment and Oversight 


C.1. Assessments and Response Actions 


C.1.1 Activities to be Conducted 


Groundwater quality data will be collected at the frequency outlined in Table 4. After completion 
of sample analysis, results will be reviewed for QC criteria, as noted in Section B.5. If the data 
quality fails to meet criteria set in Section B.5, samples will be reanalyzed, if still within holding 
time criteria. If outside of holding time criteria or at the operator’s choosing, additional samples 
may be collected, or sample results may be excluded from data evaluations and interpretations. 
Evaluation for data consistency will be performed according to procedures described in the EPA 
2009 Unified Guidance (EPA, 2009). 


C.1.2 Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 
stop-work orders will be handled internally within individual organizations. 


C.1.3 Assessment Reporting 


All assessment information should be reported to the individual organizations’ project manager 
outlined in Section A.1.1. 
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C.1.4 Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 
should be addressed, verified, and documented by the individual project managers and 
communicated to the other project managers as necessary. Corrective actions affecting multiple 
organizations should be addressed by all members of the project leadership and communicated to 
other members on the distribution list for the QASP. Assessments may require integration of 
information from multiple monitoring sources across organizations (operational, in-zone 
monitoring, above-zone monitoring) to determine whether correction actions are required and/or 
the most cost-efficient and effective action to implement. Cleco Power, LLC will coordinate 
multiorganization assessments and corrective actions as warranted based on the severity of the 
event as described in the Emergency and Remedial Response Plan (Permit Section 10.0). 


C.2. Reports to Management 


C.2.1 QA Status Reports 


QA status reports should not be needed. If any testing or monitoring techniques are changed, the 
QASP will be reviewed and updated as appropriate in consultation with EPA. Revised QASPs 
will be distributed by Cleco Power, LLC to the full distribution list at the beginning of this 
document. 


D. Data Validation and Usability 


D.1. Data Review, Verification, and Validation 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data 


The groundwater/brine and injection stream analytical data validation will include the review of 
the concentration units, sample holding times, and the review of duplicate, blank and other 
appropriate QA/QC results. All analytical results will be entered into a database or spreadsheet 
with periodic data review and analysis. Cleco Power, LLC will retain copies of the laboratory 
analytical test results and/or reports. Analytical results will be reported on a frequency based on 
the approved UIC permit conditions. In the periodic reports, data will be presented in graphical 
and tabular formats as appropriate to characterize general system operations and variability with 
time.  


D.2. Verification and Validation Methods  


D.2.1 Data Verification and Validation Processes  
See Sections D.1.1. and B.5 for data verification and validation processes. 


Appropriate statistical software will be used to determine data consistency. 
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D.2.2 Data Verification and Validation Responsibility 


Cleco Power, LLC or its designated subcontractor will verify and validate the injection stream and 
groundwater analytical data. 


D.2.3 Issue Resolution Process and Responsibility 


Cleco Power, LLC or its designated coordinator will provide an overview of the injection stream 
and groundwater data handling, management, and assessment process. Staff involved in these 
processes will consult with the coordinator to determine actions that are required to resolve 
issues. 


D.2.4 Checklist, Forms, and Calculations 


Checklists and forms will be developed specifically to meet permit requirements.  


D.3. Reconciliation with User Requirements 


D.3.1 Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency. 


D.3.2 Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed 
by their respective organizations is presented with the appropriate data-use limitations. 


Cleco Power, LLC will use the current operating procedure for the use, sharing, and 
presentation of results and/or data for the Cleco Diamond Vault Project. This procedure has 
been developed to ensure quality, internal consistency and facilitate tracking and record keeping 
of data end-users and associated publications. 
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Distribution List 
 
The following project participants (Table 1) will receive the completed Quality Assurance and 
Surveillance Plan (QASP) and all future updates for the duration of the project. The Cleco 
Power, LLC VP Generation Operations will be responsible for ensuring that all of those on the 
distribution list receive the most current copy of the approved QASP.   
 
 
 


Table 1: Distribution list. 
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A.1.2 Independence from Project QA Manager and Data Gathering 


To ensure quality assurance (QA), the sample collection process, data analysis and processing 
will be performed or witnessed by independent third parties outside the management structure in 
most cases. 


A.1.3 QA Project Plan Responsibility 


Cleco Power, LLC will be responsible for maintaining and distributing the official, approved 
QASP and will periodically review this QASP and consult with EPA when changes to the plan 
are required. 


A.1.4 Organizational Chart for Key Project Personnel 


Figure 1 shows the organizational structure of the Cleco Diamond Vault Project. Cleco Power, 
LLC will provide a contact list of individuals fulfilling these roles to the Underground Injection 
Control (UIC) Program Director, if required.  


Figure 1: Cleco Power, LLC project organization structure. 
 


A.2. Problem Definition/Background 


A.2.1  Reasoning 


The goals of the Testing and Monitoring Plan (Permit Section 7.0) include:  


• Protecting underground sources of drinking water (USDWs) 


• Meeting the regulatory requirements of 40 Code of Federal Regulations (CFR) 146.90 


• Ensuring that the injection well is operating as planned 


• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of carbon dioxide (CO2) within the injection zone 


• Support Area of Review (AoR) re-evaluations over the course of the project 


Sensitive, Confidential, or Privileged Information
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These objectives will be met through the collection of pressure/temperature data within and 
above the storage formation, the collection of groundwater and fluid samples from shallow and 
deep monitoring wells, wireline logging techniques, pressure/temperature measurements in the 
tubing and annular space of the injection well and deep monitoring wells, sample 
collection/analysis of the injection stream, and geophysical monitoring. 


This QASP was developed to ensure the quality standards of the Testing and Monitoring Plan to 
meet the requirements of the EPA UIC Program for Class VI wells. 


 


A.2.2 Reasons for Initiating the Project 
 
The objective of the Cleco Diamond Vault Project is to store injected CO2 safely and permanently in 
the injection formation. The Testing and Monitoring Plan for this project has been designed to 
confirm the safe and permanent storage of the CO2 within the intended storage reservoir.   


A.2.3 Regulatory Information, Applicable Criteria, Action Limits 


EPA regulation 40 CFR 146 Subpart H requires owners or operators of Class VI wells to monitor 
several parameters over the life of the project to ensure that: 


• Mechanical integrity of the injection well is maintained 


• Fluid migration and the extent of pressure elevation are within the limits described in the 
permit application 


• USDWs are not endangered  


Monitoring activities include mechanical integrity tests (MITs), pressure fall-off (PFO) tests 
during the injection phase of the project, monitoring of shallow and deep groundwater quality, and 
development of the CO2 plume and associated pressure front. This document details the 
measurements that will be required as well as the steps used to ensure that the quality of all data is 
such that it can be used in the decision-making process over the life of the project. 


A.3. Project/Task Description 


A.3.1 Summary of Work to be Performed and Work Schedule 


Table 3 and Table 4 describe a summary of the testing and monitoring tasks, reasoning, 
responsible parties, locations, and testing frequency.  















 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 14 of 44  


A.3.2 Geographic Locations 
 
Figure 2 shows the Cleco Diamond Vault Project site. 
 


Figure 2: Cleco Diamond Vault Project area. 


Sensitive, Confidential, or Privileged Information
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A.3.3 Resource and Time Constraints 


Cleco Power, LLC proposes a 10-year post injection site care (PISC) phase. Computer Modelling 
Group (CMG-GEM) simulations will be run throughout the project and matched with actual field 
data collected under the Testing and Monitoring Plan.  The simulations and field testing will 
confirm that plume stability modeling will be accurate beyond the 10-year period.  


A.4. Quality Objectives and Criteria 


A.4.1 Performance/Measurement Criteria 


The overall QA objective for the Testing and Monitoring Plan is to develop and implement 
procedures to monitor the CO2 injection system, development of the CO2 plume and associated 
pressure front, and to confirm that CO2 or other fluids have not migrated beyond the confining 
layer.  This objective will be accomplished through the implementation of the methods provided 
in Table 3 and Table 4. The tables below (Table 5 to Table 15) detail the specific performance and 
measurement criteria for each testing and monitoring output.   
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A.4.2 Precision 


The specification and precision of each monitoring method are detailed in the tables above. For 
groundwater sampling, the accuracy of the data will be assessed by the collection and analysis 
of field blanks to test sampling procedures and matrix spikes to test lab procedures.  Field 
blanks will be taken no less than one per sampling event to determine if the sample bottle is 
contaminated.  Laboratory assessment of analytical precision will be the responsibility of the 
individual laboratories per their standard operating procedures (SOPs).   


A.4.3 Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 
per their SOPs and analytical methodologies. For direct pressure or logging measurements, there 
is no bias. 


A.4.4 Representativeness 


For groundwater sampling, data representativeness expresses the degree to which data accurately 
and precisely represent a characteristic of a population, parameter variations at a sampling point, 
a process condition, or an environmental condition. The sampling network has been designed to 
provide data that are representative of site conditions. For the analytical results of individual 
groundwater samples, representativeness will be estimated by ion charge and mass balances. Ion 
balances with ±10% error or less will be considered valid. Mass balance assessment will be used 
in cases where the ion balance is greater than ±10% to help determine the source of error. For a 
sample and its duplicate, if the relative percent difference (RPD) is greater than 10%, the sample 
may be considered non-representative.  


A.4.5 Completeness 


For groundwater sampling, data completeness is a measure of the amount of valid data obtained 
from a   measurement system compared to the amount that was expected to be obtained under 
normal conditions. It is anticipated that data completeness of 90% for groundwater sampling will 
be acceptable to meet monitoring goals. For direct pressure, temperature, and flow measurements, 
it is expected that data will be recorded no less than 90% of the time. 


A.4.6 Comparability 


Data comparability expresses the confidence with which one data set can be compared to 
another. The data sets to be generated by this project will be very comparable to future data sets 
because of the use of standard methods and the level of quality assurance/quality control 
(QA/QC) effort. Direct pressure, temperature, and logging measurements will be directly 
comparable to previously obtained baseline or project data. 
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A.5. Special Training/Certifications 


A.5.1 Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 
qualified, and certified personnel, according to the service company which provides the 
equipment. The subsequent data will be processed and analyzed according to industry standards. 
Examples of these are shown in Attachment 1.  


No specialized certifications are required for personnel conducting groundwater sampling, but 
field sampling will be conducted by trained personnel. Groundwater sampling will be conducted 
by personnel trained to understand and follow the project-specific sampling procedures.  


Upon request, the agency will be provided with all laboratory SOPs developed for the specific 
parameter using the appropriate standard method. Each laboratory technician conducting the 
analysis on the samples will be trained on the SOP developed for each standard method. The 
technician’s training certification will be included with the biannual report. 


A.5.2 Training Provider and Responsibility 


Training for personnel will be provided by the operator or by the subcontractor responsible for 
the data collection activity. 


A.6. Documentation and Records 


A.6.1 Report Format and Package Information 


A semi-annual report from Cleco Power, LLC to EPA will contain all required project data, 
including the testing and monitoring information as specified by the UIC Class VI permit. 
Data will be provided in electronic or other formats as required by the UIC Director. 


A.6.2 Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data 
will be provided as required by the UIC Director. 


A.6.3 Data Storage and Duration 


Cleco Power, LLC or a designated contractor will maintain the required project data as provided 
elsewhere in the permit. 


A.6.4 QASP Distribution Responsibility 


The Cleco Power LLC Manager will be responsible for ensuring that all those on the 
distribution list will receive the most current copy of the approved QASP. 
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B. Data Generation and Acquisition 


B.1. Sampling Process Design (Experimental Design) 


During the pre-injection phase, fluid samples will be collected and analyzed for parameters listed 
in Table 5 and Table 6 of geochemical parameters to establish baseline conditions of the fluids 
within the target formations.  Regular sampling will be performed during the injection and post-
injection phases of the project to track the migration of CO2 through the storage formation and to 
confirm that CO2 and other fluids of interest have not migrated out of the storage formation. 
Analytes will include selected constituents that are:  


• Primary and secondary EPA drinking water contaminants 


• Those most responsive in the interaction of CO2 with the formation fluids and minerals 


• Those needed for QC 


The full set of selected parameters for each sampling interval is given in Table 5 and Table 6. All 
samples will be analyzed using a laboratory that meets the requirements under the EPA 
Environmental Laboratory Accreditation Program. Isotopic analysis will be conducted using 
established methods. The pressure, temperature, and flowrate of the CO2 injection stream will be 
monitored on a continuous basis using instrumentation located in the flowline between the final 
compression stage and the wellhead.  In addition, samples of the injection stream will be collected 
on a quarterly basis for analysis.  The sampling and analysis will be completed to ensure 
compliance with the approved Class VI permit.   


B.1.1 Design Strategy 


CO2 Stream Monitoring Strategy 


Regular sampling of the CO2 stream provides an evaluation of the potential interactions of the 
CO2 and other constituents of the injection stream with mineral components and fluids within the 
storage formation. It can also identify increases in trace components, such as water content, that 
could accelerate well corrosion and negatively impact well integrity. Minor variation (<5%) is 
expected in the composition of the injected CO2 stream which will pass through two scrubbers 
prior to entering the compressor and the pipeline.  As a result, quarterly sampling of the CO2 
injection stream will be sufficient to accurately track the composition of the stream. An initial 
calibration and validation of the instruments will be performed by the manufacturers and will be 
verified by the project on a regular basis.  


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to assess the mechanical integrity of the 
well components that are in contact with the CO2. The coupons will be assessed for signs of 
corrosion and any loss of mass thickness, cracking, pitting, and other signs of corrosion that could 
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be indicative of future well integrity issues.  The analysis will be in accordance with National 
Association of Corrosion Engineers (NACE) Standard RP-0775 (or similar) to determine and 
document corrosion wear rates. 


Shallow Groundwater Monitoring Strategy 


There is an existing, extensive, groundwater monitoring program in place at the facility. A subset 
of this network will be selected, and supplemented with additional wells, to provide the required 
sampling coverage across the AoR.   


Baseline groundwater samples will be acquired from these wells to characterize the seasonal 
variations in water quality within the AoR prior to the start of CO2 injection.  These groundwater 
samples will also have their geochemistry and stable isotopes analyzed.  Throughout the injection 
and PISC phases of the project, the results of the aqueous geochemistry and isotope analyses will 
be compared to the baseline conditions for any indication of CO2 or brine migration into the 
shallow groundwater aquifer. 


Deep Groundwater Monitoring Strategy 


A deep, above confining zone (ACZ) groundwater well will be drilled for the project (40 CFR 
146.90 (d)) near the injection well to monitor the aquifers immediately above the confining layer 
in the event that there is CO2 or brine migration out of the storage formation along the injection 
wellbore (Figure 2). This well will allow for pressure and temperature monitoring as well as 
periodic fluid sampling in the deepest USDW. The well will be equipped with memory-style 
pressure gauges in the tubing string, such as Pioneer Petrotech PPS25 or similar, that record data 
every 60 seconds. The well will be configured in such a way as to isolate these formations such 
that the gauges measure the pressure from each interval separately. The well will also be 
equipped with fiber optic (FO) cable installed behind the casing for continuous distributed 
temperature sensing (DTS). A bailer system will be used to collect the fluid samples to evaluate 
geochemical changes in groundwater fluids. Samples will be analyzed for field constituents using 
a calibrated water quality meter (Horiba U-53, or similar).  The geochemical analyses will be 
performed by Intertek Laboratories, or a similar laboratory.  The isotopic analyses will be 
performed by Isotech Laboratories, or a similar laboratory.   


CO2 or brine migration into the deepest USDW will most likely be first identified through pressure 
changes in the formation. The presence of CO2 or brine in the overlying aquifers can be further 
confirmed through aqueous geochemistry data and analysis of isotopes. If deep early-detection 
monitoring data indicate that CO2 has migrated out of the primary storage formation, it will trigger 
external well integrity testing of the injection and deep monitoring wells.  It may also trigger a 
time-lapse borehole seismic VSP survey earlier than initially planned. 


Storage Formation Monitoring Strategy 


The storage formation will be monitored through pressure and temperature sensors, fluid 
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sampling and analysis, pulsed neutron capture (PNC) logging, time-lapse borehole seismic VSP 
data, and microseismic monitoring to characterize the development of the CO2 and pressure 
plumes over the injection and PISC phases of the project.  Fluid samples will be collected from 
the deep monitoring well on a biannual basis until the well becomes saturated with CO2, while the 
pressure gauges will be retrieved for data download. PNC logging will be used to determine the 
CO2 saturation adjacent to the injection and deep monitoring well.  The PNC logging will also 
confirm that CO2 has not migrated above the confining layer.   


Deep Monitoring Well Sampling 


The deep monitoring well will be used to monitor the pressure and CO2 plume development in the 
storage formation through the injection phase of the project.  Fluid samples will be collected on a 
semi-annual basis from the injection formation to monitor aqueous geochemistry changes within 
the formation.  The well will be swabbed to produce representative formation fluid in the well. 
During the swabbing process, the swab water will be analyzed in the field using a calibrated 
water quality meter (Horiba U-53, or similar). After swabbing the well, fluid samples will be 
collected using a bailer-style system.  Samples will be analyzed for constituents that can be used 
to measure changes in chemistry that would be caused by interaction with the injected CO2 (Table 
4).  Intertek Laboratories, or a similar laboratory, will analyze the geochemical species.  Isotech, 
or similar laboratory will be used to perform the isotopic analyses.  A set of memory-style 
pressure and temperature gauges (Petrotech PPS25 or similar) will also be placed in the deep 
monitoring well to track the pressure response due to CO2 injection.  These gauges will be 
programmed to collect data every 60 seconds.  


B.1.2 Type and Number of Samples/Test Runs 


The types, frequencies, and additional details of the sampling and monitoring methods are provided 
in Table 3 of this document. 


B.1.3 Site/Sampling Locations 


A network of shallow groundwater wells will be used,  and a deep ACZ groundwater 
monitoring well will be drilled. The geochemistry of the storage formation will be monitored 
using the deep monitoring well. 


The chemical composition, pressure and temperature, and mass flowrates of the CO2 injection 
stream will be monitored downstream of the last stage of compression and upstream of the 
injection well.  At the injection well, the wellhead and storage formation pressure and 
temperature will be measured along with the annular pressure and volume.  In addition, 
corrosion monitoring will be completed in the pipeline between the compressor and the 
injection well.  PNC logging will be performed in the ACZ well and the deep monitoring well 
to monitor the CO2 plume development in the storage formation as well as for potential 
migration of CO2 above the confining layer.  Temperature measurements will be acquired in 
the injection and deep monitoring wells on an annual basis to confirm external mechanical 
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integrity. 


B.1.4 Sampling Site Contingency 


The shallow groundwater, ACZ, and deep monitoring wells are all located on Cleco Power, LLC 
property where the Cleco Diamond Vault Project is located.  Access to the wells is not anticipated 
to be a problem over the course of the project.  The surface location of the wells are all located on 
land not near any residential buildings or any rough terrain. If inclement weather makes site 
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that 
would still meet permit-related conditions. 


B.1.5 Activity Schedule 


Table 3 provides the schedules for the sampling and monitoring activities along with other 
pertinent details regarding the techniques. 


B.1.6 Critical/Informational Data 


During data acquisition for the testing and monitoring activities, field and laboratory information 
will be documented in detail. Information will be recorded in field and laboratory forms and 
notebooks. Critical information will include the time and date of activity, person(s) performing 
activity, location of the activity or instrument, field or laboratory instrument calibration data, and 
field parameter values. For laboratory analyses, much of the critical data will be generated during 
the analysis and provided to the project in digital and printed formats. Noncritical data may 
include the appearance and problems with the wells or sampling/monitoring equipment, and 
weather conditions. 


B.1.7 Sources of Variability 


Potential sources of variability related to monitoring activities include: 


• Natural variations in fluid geochemistry, formation pressure and temperature, and seismic 
activity  


• Variation in fluid geochemistry, formation pressure and temperature, and seismic activity 
due to project operations  


• Changes in groundwater recharge due to rainfall, drought, and snowfall  


• Changes in instrument calibration during sampling or analytical activity  


• Variations in the staff collecting or analyzing samples 


• Differences in environmental conditions during field activities 


• Changes in analytical data quality during life of project 


• Data entry errors related to maintaining project database 
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Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:  


• Collection of long-term baseline data to observe and document natural variation in 
monitoring parameters 


• Evaluation of data in timely manner after collection to observe anomalies in data that can 
be addressed through resampling  


• Conducting statistical analysis of monitoring data to determine whether variability in a 
data set is the result of project activities or natural variation  


• Checking instrument calibration before, during and after sampling or sample analysis  


• Staff training 


• The use of standard operating procedures to describe testing and monitoring activities 


• Conducting laboratory QA checks using third party reference materials, and/or blind 
and/or replicate sample checks 


B.2. Sampling Methods 


Well logging, geophysical monitoring, and pressure/temperature monitoring do not apply to this 
section. 


B.2.1 Sampling SOPs 


Groundwater samples will be collected from the shallow groundwater wells using a low-flow 
sampling method consistent with ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a 
flow-through cell is not used, field parameters will be measured in grab samples. Groundwater 
wells will be purged to ensure samples are representative of formation water quality. Static water 
levels in each well will be determined using an electronic water level indicator before any 
purging or sampling activities begin. Dedicated pumps (e.g., bladder pumps) will be installed in 
each monitoring well to minimize potential cross contamination between wells. The pH, 
temperature, specific conductance, and dissolved oxygen of the purge water will be monitored in 
the field using portable probes and a flow-through cell consistent with standard methods given 
sufficient flow rates and volumes. Field chemistry probes will be calibrated at the beginning of 
each sampling day according to equipment manufacturer procedures using standard reference 
solutions. When a flow-through cell is used, field parameters will be continuously monitored and 
will be considered stable when three successive measurements made three minutes apart meet the 
criteria listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration will 
be filtered through 0.45 micrometer (µm) flow-through filter cartridges as appropriate and 
consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 
minimum of 100 milliliters (mL) of well water (or more if required by the filter manufacturer). 
For alkalinity and total CO2 samples, efforts will be made to minimize exposure to the 
atmosphere during filtration. 
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B.2.3 Continuous Monitoring 


The pressure and temperature in the deep monitoring wells will be continuously monitored using 
retrievable data-logging pressure/temperature gauges.  These data will be used to calibrate the 
computational modeling over the life of the project.   


B.2.4 Sample Homogenization, Composition, Filtration 


Sample homogenization, composition, and filtrations is described in Section B.2.1. 


B.2.5 Sample Containers and Volumes 


For CO2 stream monitoring, samples will be collected in a clean sample cylinder rated for the 
appropriate collection pressure provided by a laboratory such as Atlantic Analytical Laboratory. 


CO2 quarterly gas analysis will include: 


• CO2 Purity (% volume [v]/v, gas chromatograph [GC]) 


• Oxygen (O2, parts per million [ppm] v/v) 


• Nitrogen (N2, ppm v/v) 


• Hydrogen Sulfide (H2S ppm v/v) 


For shallow and deep fluid samples, all sample bottles will be new. Sample bottles for analytes 
will be used as received from the vendor or contract analytical laboratory for the analyte of 
interest. A summary of sample containers is presented in Table 17. 


B.2.6 Sample Preservation 


For groundwater and other aqueous samples, the preservation methods provided in Table 17 will be 
used. 
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pumped through the pump and sample tubing. Individual cleaned pumps and tubing will be 
placed in plastic bags for transport to the field for installation. All field glassware (pipets, 
beakers, filter holders, etc.) will be cleaned with tap water to remove any loose dirt and rinsed 
three times with deionized water before use. CO2 gas stream sampling cylinders will be 
decontaminated by the analytical lab, and no sampling equipment will be utilized with the 
corrosion coupons or annual field gauge calibrations. 


B.2.8 Support Facilities 


Field activities are usually completed in mobile laboratory vehicles or trailers located on site. 
Fluid sampling may require the use of an air compressor, vacuum pump, generator, filters, and 
analytical meters (pH, specific conductance, etc.). Sample tubing, connectors and valves 
required to sample the CO2 gas stream will be supplied by the analytical lab providing the 
sampling containers. Sampling will occur within the CO2 compression building. Similarly, 
corrosion coupons will be removed from the CO2 injection line. 


Field gauges will be removed from the injection deep monitoring and ACZ wells utilizing 
existing standard industry tools and equipment (slickline). Deployment and retrieval of the well 
gauges will be done using procedures and equipment recommended by the vendor, 
subcontractor, or as is standard per industry practice. 


B.2.9 Corrective Action, Personnel, and Documentation 


Field staff will be responsible for testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, 
then equipment will be returned to the manufacturer for repair or replacement. Significant 
corrective actions that occur during the sampling and data collection activities that affect 
analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section   and are omitted. 


Sample holding times will be consistent with standard methods (Table 17). After collection and 
any necessary preservation, samples will be placed in ice chests in the field and maintained 
thereafter at approximately 4 degrees Celsius (°C) until analysis. The samples will be 
maintained at their preservation temperature and sent to the designated laboratory within 24 
hours. Analysis of the samples will be completed within the holding time listed in Table 17. As 
appropriate, alternative sample containers and preservation techniques approved by the UIC 
Director will be used to meet analytical requirements. 


B.3.1 Maximum Hold Time/Time Before Retrieval 


See Table 17. 
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B.3.2 Sample Transportation 


See description in Section B.2. 


B.3.3 Sampling Documentation 


Field notes will be taken for all groundwater samples collected. These forms will be retained 
and archived as reference. The sample documentation is the responsibility of groundwater 
sampling personnel. A chain-of-custody form will be provided with each CO2 gas stream 
sample or fluid sample provided for analysis as shown in Figure 4 and Figure 5.   


B.3.4 Sample Identification 


All sample bottles will have waterproof labels with information denoting project, sampling 
date, sampling location, sample identification number, fluid sample, sample type, analyte, 
volume, filtration used (if any), and preservative used (if any). See Figure 3 for an example of 
a label. 
 


 
Figure 3: Example label for groundwater sample bottles. 


 


B.3.5 Sample Chain-of-Custody 


For CO2 stream analysis, a chain-of-custody form will accompany the sample to the laboratory 
(Figure 4). The chain-of-custody form will include sample identification (ID), sample collection 
date/time, sample pressure, and analytical requirements.  A chain-of-custody form will 
accompany the sample through the analytical process. Copies of the chain-of-custody forms will 
be retained for reference.  


For groundwater samples, the chain-of-custody will be documented using a standardized form. A 
typical form is shown in Figure 5, and a similar form will be used for all groundwater sampling. 
Copies of the chain-of-custody forms will be provided to the person or lab receiving the samples 
as well as the person or lab transferring the samples. These forms will be retained and archived to 
allow simplified tracking of sample status. The chain-of -custody form and record keeping is the 
responsibility of groundwater sampling personnel. 
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B.4. Analytical Methods 


Well logging, geophysical monitoring, and pressure and temperature monitoring do not apply to 
this section and are omitted. 


B.4.1 Analytical SOPs 


Analytical methods are referenced in  Table 5 and Table 6. Upon request, Cleco Power, LLC will 
provide the EPA with all laboratory SOPs developed for the specific parameter using the 
appropriate standard method.  


B.4.2 Equipment/Instrumentation Needed 


Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 5 and Table 6. 


B.4.3 Method Performance Criteria 


Nonstandard method performance criteria are not anticipated for this project. 


B.4.4 Analytical Failure 


Each laboratory conducting the analyses in Table 5 through Table 8 will be responsible 
for appropriately addressing analytical failure according to their individual SOPs. 


B.4.5 Sample Disposal 


Each laboratory conducting the analyses in Table 5 and Table 6 will be responsible for 
appropriate sample disposal according to their individual SOPs. 


B.4.6 Laboratory Turnaround 


Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical 
results within one month will be suitable for project needs. 


B.4.7 Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. 
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Figure 4: Example of chain-of-custody form for the CO2 injection stream gas analyses. 
 


 


 


ATLANTIC ANALYTICAL LABORATORY, LLC 
291 Route 22 East 


CHAIN OF CUSTODY FORM Salem Industrial Park – Building #2 
Lebanon, NJ 08833 


(908) 534-5600 
CUSTOMER NAME: PROJECT LOCATION: COMMENTS: 


SAMPLER SIGNATURE: CUSTOMER SIGNATURE: 


SAMPLING CUSTOMER 
CYLINDER 
NUMBER 


SAMPLE IDENTIFICATION 
(Lot Number, Batch Number, Receiving Number, Part Number, etc.) 


ANALYSIS 
REQUIRED 


ON-SITE 
ANALYSIS DATE / TIME CYLINDER 


NUMBER 
CYLINDER 


SIZE 


       


       


       


       


       


       


       


       


       


       


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


Relinquished By: Date: Time: Received By: Date: Time: Comments: 


 


Page of  Form AALCOC Rev 6 25 Jun 2020 
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Figure 5: Example chain-of-custody form for the fluid sample analyses. 


 
 


B.5. Quality Control 


Geophysical monitoring and pressure/temperature monitoring do not apply to this section and 
are omitted. For wireline log QC, please refer to Attachment 1. 


B.5.1 QC Activities 


Blanks 


For shallow and deep groundwater/brine sampling, a field blank will be collected and analyzed 
for the inorganic analytes in Table 5 and Table 6 at a frequency of no less than one blank per field 
event. Field blanks will be exposed to the same field and transport conditions as the groundwater 
samples. Field blanks will be used to detect contamination resulting from the collection and 
transportation process.  


No field blanks will be collected for the injection stream sampling.  Contamination and 
representative sampling will be determined through the concentrations of nitrogen and helium 
(that have been spiked into the cylinder) in the sample. 


 


 
 
 
 


Office: _ 
• Job Order Number: _ 


NON COMMERCIAL BILL OF LADING 


CHAIN OF CUSTODY   O   SAMPLE TRANSPORTATION RECORD O   SAMPLE DISTRIBUTION RECORD O   SAMPLE RECEIPT 0 
Point of Origin Intermediary Destination 


 


Full Name 
And Address  


  


Relinquished By  Received By  Received By  
Print  Print  Print  
Date  Date  Date  
Time  Time  Time  


* I hereby declare that the contents of this consignment are fully and accurately described below by the correct technical name(s) (Proper Shipping Name[s]), and are classified, packaged, marked and 
labeled/placard ed, and are in all respects in proper condition for transport according to applicable international and national government regulations. 


Delivered By: Intertek / Commercial carrier 
Inspector/ Driver:                                                                
Carrier:     
Air Bill Number:                                                                     
Date Shipped:      


(circle one) 
 
 
 
 


Note: All volumes must be in Metric units 


Customer Product Description 
Product 1 :  _ 
Product 2: _ 
Product 3 :  _ 
Product 4: _ 


 


UN 
NUM B E R PROPER SHIPPING NAME 


HAZ AR D OU S 
CLASS 


NUMBER 
PACKING 


GROUP 
PRODUCT 
NUMBER 


NUMBEROF 
SAMPLES 


CONTAINER 
SIZE 


SAMPLE SOURCE SEAL 
NUMBER(S) 


         
         
         
         
         
         
         
         
         
         
         
         
         
         


 
 
 
 
 
 


   


 


lntertek 
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Duplicates 


For each fluid sampling round, at least one duplicate sample will be collected from a well. 
Duplicate samples will be collected from the same source immediately after the original sample in 
different sample containers and processed as all other samples. Duplicate samples will be used to 
assess sample heterogeneity and analytical precision. 


B.5.2 Exceeding Control Limits 


If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will be done by evaluating the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the method. The method 
indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and interlaboratory 
results.  If available, suspect ion analyses will then be brought to the attention of the analytical 
laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, the suspect data will be identified and may be given less importance in 
data interpretations. Additional samples may be collected for repeat analyses to confirm the 
analytical results. 


B.5.3 Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine correctness of analyses based on the anion-
cation charge balance calculation. Since fluid samples should be electrically neutral, the 
chemical analyses should yield equally negative and positive ionic activity. The anion-cation 
charge balance will be calculated using the formula: 
 


% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 100 ∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐−∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 
∑ 𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐+∑ 𝑐𝑐𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐 


where the sums of the ions are represented in milliequivalents per liter and the criteria for 
acceptable charge balance is ±10%. 
Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula: 


1.0 < 𝑚𝑚𝑑𝑑𝑐𝑐𝑐𝑐𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇  < 1.2 
𝑑𝑑𝑐𝑐𝑐𝑐𝑑𝑑𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑇𝑇 


 


where the anticipated values are between 1.0 and 1.2. 


Outliers 


, (Equation 
 


, (Equation 
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The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (March 2009) as a basis for 
selection of recommended statistical methods to identify outliers in water/brine chemistry data 
sets as appropriate. These techniques include probability plots, box plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to identify 
potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Logging tool equipment will be maintained as per wireline industry best practices (Attachment 1). 


All pressure, temperature, and mass flow measurement equipment will be maintained per the 
manufacturer’s specifications.  Any necessary calibrations or repairs will also be performed per 
the manufacturer’s specification or by the manufacturer of the equipment.   


For fluid sampling, the field equipment will be maintained, factory serviced, and factory 
calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 
will be included in supplies on hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility 
of the analytical laboratory per standard practice, method-specific protocol, or National 
Environmental Laboratory Accreditation Program (NELAP) requirement. 


B.7. Instrument/Equipment Calibration and Frequency 


Geophysical monitoring does not apply to this section and is omitted. 


B.7.1 Calibration and Frequency of Calibration 


Pressure and temperature gauge calibration information will be performed annually.  Logging 
tool calibration will be at the discretion of the service company providing the equipment and 
following standard industry practices noted in Attachment 1.  


For groundwater sampling, the portable field meters or multiprobe sondes used to determine 
field parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be 
calibrated according to manufacturer recommendations and equipment manuals (i.e., each day 
before sample collection begins).  Recalibration will be performed if any components yield 
atypical values or fail to stabilize during sampling. 


B.7.2 Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices in Attachment 1. 


The pressure, temperature, and mass flow meters will be calibrated annually.   


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 
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potassium chloride solution yielding a value of 1413 microsiemens per centimeter (µS/cm) at 
25°C for specific conductance, and a 100% dissolved O2 solution for dissolved oxygen. 
Calibration is performed for the pH meters per manufacturer’s specifications using a 2-point 
calibration bounding the range of the sample. For coulometry, sodium carbonate standards 
(typically yielding a concentration of 4,000 milligrams [mg] CO2/L) are routinely analyzed to 
evaluate the instrument. 


B.7.3 Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry 
practices in Attachment 1. 


Manufacturers of the pressure, temperature, and mass flow equipment will provide 
calibration certifications for their equipment.  If calibration cannot be achieved with the 
equipment, this piece of equipment will be replaced with a new or calibrated piece of 
equipment. 


For groundwater sampling, calibration values are recorded in daily sampling records and any 
errors in calibration are noted. For parameters where calibration is not acceptable, redundant 
equipment may be used so loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.1 Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 
accepted as required from vendors approved by Cleco Power, LLC, or the respective 
subcontractor responsible for the data collection activity. Acquisition of supplies and 
consumables related to groundwater analyses will be the responsibility of the laboratory per 
established standard methodology or SOPs. 


B.9. Non-direct Measurements 


B.9.1 Seismic Monitoring Methods 


Data Sources 


Borehole seismic VSP surveys will be conducted at regular intervals during and after CO2 
injection. Each of these surveys will be compared to the baseline survey which was acquired 
before the start of CO2 injection. It is important that the only difference between the surveys is 
the change in acoustic properties of the injection formation caused by the presence of CO2. 
Consequently, repeatability of source and receiver types and spacing, source size, and other 
acquisition parameters between surveys is paramount for an accurate comparison.  
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Relevance to Project 


Time-lapse borehole seismic VSP surveys will be used to track changes in the CO2 plume in the 
subsurface. A modeling exercise will be completed to confirm that the planned injected volumes 
of CO2 will result in sufficient change in the rock properties of the injection formation to be 
measured with 3D seismic. 


Processing and comparing subsequent surveys to a baseline survey will allow the project to 
monitor plume growth as well as to ensure that the plume does not migrate beyond the confining 
layer. Computational modeling will be used to predict the CO2 plume growth and migration over 
time by combining the processed seismic data with the existing geologic model. 


Acceptance Criteria 


To ensure survey repeatability, consistent acquisition geometry is required. The seismic sources 
(vibroseis trucks) should be the same for each survey, including the number of trucks, their 
specifications, and the characteristics (sweep parameters) of the seismic energy they generate.  


Data processing for each survey should be the same and the baseline seismic survey should be 
reprocessed alongside each additional repeat seismic survey to ensure consistency. 


Resources/Facilities Needed 


Cleco Power, LLC will subcontract all necessary resources and facilities for seismic monitoring, 
in-zone pressure monitoring, and groundwater sampling. 


Validity Limits and Operating Conditions 


For seismic surveys and computational modeling, intraorganizational checks between trained and 
experienced personnel will ensure that all surveys and computational modeling are conducted 
conforming to standard industry practices. 


B.10. Data Management 


B.10.1 Data Management Scheme 


Cleco Power, LLC or a designated contractor will maintain the project data required in the 
permit. Data will be backed up in electronic format and/or held on secure servers. A separate 
Data Management Plan will be developed to track and store project data. 


B.10.2 Record-keeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 







 


Quality Assurance and Surveillance Plan for CLECO DIAMOND VAULT PROJECT. 
Project Number: R06-LA-0022 Page 41 of 44   


B.10.3 Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 
industry techniques and/or manufacturer’s requirements.  


B.10.4 Responsibility 


The primary project managers will be responsible for ensuring proper data management is 
maintained. 


B.10.5 Data Archival and Retrieval 


All data will be held by Cleco Power, LLC. These data will be maintained and stored for 
auditing purposes as described in Section B.10.1. 


B.10.6 Hardware and Software Configurations 


All Cleco Power, LLC and vendor hardware and software configurations will be appropriately 
interfaced. 


B.10.7 Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 


C. Assessment and Oversight 


C.1. Assessments and Response Actions 


C.1.1 Activities to be Conducted 


Groundwater quality data will be collected at the frequency outlined in Table 4. After completion 
of sample analysis, results will be reviewed for QC criteria, as noted in Section B.5. If the data 
quality fails to meet criteria set in Section B.5, samples will be reanalyzed, if still within holding 
time criteria. If outside of holding time criteria or at the operator’s choosing, additional samples 
may be collected, or sample results may be excluded from data evaluations and interpretations. 
Evaluation for data consistency will be performed according to procedures described in the EPA 
2009 Unified Guidance (EPA, 2009). 


C.1.2 Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 
stop-work orders will be handled internally within individual organizations. 


C.1.3 Assessment Reporting 


All assessment information should be reported to the individual organizations’ project manager 
outlined in Section A.1.1. 
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C.1.4 Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 
should be addressed, verified, and documented by the individual project managers and 
communicated to the other project managers as necessary. Corrective actions affecting multiple 
organizations should be addressed by all members of the project leadership and communicated to 
other members on the distribution list for the QASP. Assessments may require integration of 
information from multiple monitoring sources across organizations (operational, in-zone 
monitoring, above-zone monitoring) to determine whether correction actions are required and/or 
the most cost-efficient and effective action to implement. Cleco Power, LLC will coordinate 
multiorganization assessments and corrective actions as warranted based on the severity of the 
event as described in the Emergency and Remedial Response Plan (Permit Section 10.0). 


C.2. Reports to Management 


C.2.1 QA Status Reports 


QA status reports should not be needed. If any testing or monitoring techniques are changed, the 
QASP will be reviewed and updated as appropriate in consultation with EPA. Revised QASPs 
will be distributed by Cleco Power, LLC to the full distribution list at the beginning of this 
document. 


D. Data Validation and Usability 


D.1. Data Review, Verification, and Validation 


D.1.1 Criteria for Accepting, Rejecting, or Qualifying Data 


The groundwater/brine and injection stream analytical data validation will include the review of 
the concentration units, sample holding times, and the review of duplicate, blank and other 
appropriate QA/QC results. All analytical results will be entered into a database or spreadsheet 
with periodic data review and analysis. Cleco Power, LLC will retain copies of the laboratory 
analytical test results and/or reports. Analytical results will be reported on a frequency based on 
the approved UIC permit conditions. In the periodic reports, data will be presented in graphical 
and tabular formats as appropriate to characterize general system operations and variability with 
time.  


D.2. Verification and Validation Methods  


D.2.1 Data Verification and Validation Processes  
See Sections D.1.1. and B.5 for data verification and validation processes. 


Appropriate statistical software will be used to determine data consistency. 
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D.2.2 Data Verification and Validation Responsibility 


Cleco Power, LLC or its designated subcontractor will verify and validate the injection stream and 
groundwater analytical data. 


D.2.3 Issue Resolution Process and Responsibility 


Cleco Power, LLC or its designated coordinator will provide an overview of the injection stream 
and groundwater data handling, management, and assessment process. Staff involved in these 
processes will consult with the coordinator to determine actions that are required to resolve 
issues. 


D.2.4 Checklist, Forms, and Calculations 


Checklists and forms will be developed specifically to meet permit requirements.  


D.3. Reconciliation with User Requirements 


D.3.1 Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency. 


D.3.2 Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed 
by their respective organizations is presented with the appropriate data-use limitations. 


Cleco Power, LLC will use the current operating procedure for the use, sharing, and 
presentation of results and/or data for the Cleco Diamond Vault Project. This procedure has 
been developed to ensure quality, internal consistency and facilitate tracking and record keeping 
of data end-users and associated publications. 
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7.0 Testing and Monitoring Plan 


7.1 Overall Strategy and Approach for Testing and Monitoring 


This Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with carbon dioxide (CO2) injection into the subsurface 
at this site. Goals of the monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting underground sources of drinking water (USDWs) 
• Ensuring that the injection well is operating as planned. 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support Area of Review (AoR) re-evaluations over the course of the project 
• The Cleco Diamond Vault project is a multi-injection well project. This Testing and 


Monitoring Plan is designed to address the regulatory requirements of monitoring all CO2 
injection wells and the associated combined AoR. 
 


The Testing and Monitoring Plan will be adaptive over time; the plan can be adjusted to respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 7-1 illustrates the AoR at the end of the injection period and the conceptual distribution of 
deep monitor wells, above confining zone wells, and seismicity stations. The AoR and 
Corrective Action Plan, Permit Section 2, (40 CFR 146.84 (b)) describes the data and 
computational techniques used to model the development of the CO2 plume during injection. It 
describes how the static earth model (SEM) was built, incorporating the two-dimensional (2D) 
seismic data. In addition, it explains how the data collected as part of this Testing and 
Monitoring Plan will be used to re-evaluate the AoR over the pre-operational and injection 
phases of the project (40 CFR 146.84 (e)).  


Certain outcomes of the testing and monitoring activities described below may trigger action 
according to the Emergency and Remedial Response Plan, Permit Section 10, (40 CFR 146.94 
(a)). 
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The Testing and Monitoring Plan will utilize several direct and indirect monitoring technologies 
throughout the injection and post-injection site care (PISC) phases of the project that will 
monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW and the deepest 


water-bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan, Permit Section 6, (40 CFR 146.82(a)(8), 
146.87). The water content and chemical composition of the CO2 stream will be monitored 
downstream of the final compression (40 CFR 146.90 (a)). Corrosion coupons composed of the 
same material as the well components and CO2-delivery pipeline will be placed in the delivery 
pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that may be 
indicative of future potential well integrity issues (40 CFR 146.90 (c)).  


Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 
flowrate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 
surface to monitor the cumulative mass of injected CO2 and ensure compliance with the permit 
injection limits. The storage formation injection volume will be calculated using the mass 
flowrate combined with the pressure and temperature conditions in the storage formation. The 
injection volumes will, in turn, be used to update the computational models at regular intervals 
throughout the injection phase of the project. The annular pressure between the tubing and the 
injection casing strings and the annular fluid volumes will also be monitored on a continuous 
basis (40 CFR 146.90 (b)). These data will be linked to a Supervisory Control and Data 
Acquisition (SCADA) system to record the operations data, control injection rates, and initiate 
system shutdown, if required. The SCADA system can also be used to adjust the volume of 
annular fluid, and thereby pressure, in the annular space to meet the operational and regulatory 
objectives. Bottomhole pressure and temperature will be measured continuously until a steady 
state of flow is reached using retrievable pressure sensors to establish a wellhead-to-bottomhole 
pressure correlation that can be used to calculate the reservoir pressure at any time using the 
wellhead pressure data.  
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Figure 7-1: Map of Diamond Vault showing conceptual layout of deep monitor wells, above 
confining zone wells, and seismicity stations with six proposed injection wells and AoR 
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Figure 7-2: Map of proposed injection well CLDV-IW6 
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)). The same internal and external integrity evaluation methods used with the 
injection well will be used on the deep monitoring wells. However, the annular pressure will be 
measured daily and adjusted as needed.  


Pressure fall-off (PFO) tests will be conducted in the injection formation in the stratigraphic test 
well (STW) and injection wells when they are drilled to establish the hydrogeologic 
characteristics of the storage formation (Permit Section 6). During the injection phase of the 
project, a PFO test will be conducted in the injection well at least once every five years. If there 
is an injection pressure increase of more than10%, over a period of one month, compared to the 
computational model, then a PFO test will be conducted sooner (40 CFR 146.90 (f)). The 
objective of the PFO testing is to periodically monitor for any changes in the near wellbore 
environment that would impact injectivity or cause injection pressures to increase. The formation 
characteristics obtained through the PFO testing will be compared to the results from previous 
tests to identify any changes over time and will be used to calibrate the computational models.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). If confirmed, this 
would trigger external well integrity testing of the injection and deep monitoring wells and may 
trigger the emergency response actions found in the Emergency and Remedial Response Plan 
(Permit Section 10). 
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Figure 7-3: Stratigraphic column for injection well. 
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There is an existing, extensive, groundwater monitoring program in place at the facility (Figure 
7-1). A subset of this network will be selected, and supplemented with additional wells, to 
provide the required sampling coverage across the AoR.   


To establish a baseline of the seasonal variation in the aqueous geochemistry of these shallow 
groundwater wells, sampling will be conducted prior to the start of CO2 injection. Throughout 
the injection and PISC phases of the project, the results of the aqueous geochemistry and stable 
isotope analyses will be compared to the baseline conditions for any indication of CO2 or brine 
migration into the shallow groundwater aquifer. If indications of CO2 or brine are found in the 
shallow groundwater aquifer, it will trigger the emergency response actions found in the 
Emergency and Remedial Response Plan (Permit Section 10). 


Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation.  
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Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


The facility is in an area with low rates of seismic activity and risk (Permit Section 1). The 
primary goals of continuous background seismicity monitoring are: 


• Addressing public and stakeholder concerns related to induced seismicity  


• Monitoring the spatial extent of the pressure front from the distribution of seismic events 


• Identifying activity that may indicate failure of the confining zone and possible 
containment loss 


Table 7-1 presents the general schedule and spatial extent for the monitoring activities in the 
baseline and injection phases of the project. Refer to the PISC and Site Closure Plan (Permit 
Section 9) for discussion of the monitoring plans related to the PISC phase. Changes to the 
monitoring schedule may occur over time as the project evolves. For instance, if anomalous 
results are identified in the existing monitoring data, confirmation sampling will be conducted 
within 10 days and additional monitoring data may be acquired through subsequent 
investigations into the anomalous results. Likewise, if the CO2 plume behaves in a stable and 
predictable manner for many years through the injection phase of the project, some monitoring 
may be reduced in frequency. Any such changes to the Testing and Monitoring Plan will be 
made in consultation with the Underground Injection Control (UIC) Program Director (40 CFR 
146.90 (j)).   















 


Testing and Monitoring Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 15 of 36 


7.1.1 Quality Assurance Procedures 


Data quality assurance and surveillance protocols adopted by the project have been designed to 
facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality assurance 
(QA) requirements for direct measurements within the injection zone, above the confining zone, 
and within the shallow USDW aquifer are described in the Quality Assurance and Surveillance 
Plan (QASP) that is attached to this document (Appendix 7.1). These measurements will be 
performed based on best industry practices and the QA protocols recommended by the service 
contractors selected to perform the work.  


7.1.2 Reporting Procedures 


Cleco Power, LLC will report the results of all testing and monitoring activities to the EPA in 
compliance with the requirements under 40 CFR 146.91. 


7.2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 


Cleco Power, LLC will analyze the CO2 stream during the injection phase of the project to 
provide data representative of its chemical characteristics and to meet the requirements of 40 
CFR 146.90 (a). 


This section describes the measurements and sampling methodologies that will be used to 
monitor the chemical characteristics of the CO2 injection stream. 


7.2.1 Sampling Location and Frequency 


Prior to injection, the CO2 stream will be sampled during regular plant operations to obtain 
representative CO2 samples that will serve as a baseline dataset.  


7.2.2 Analytical Parameters 


The CO2 stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics (40 CFR 146.90(a)). These characteristics include fluid 
composition (i.e., fraction of CO2 and other constituents measured on a volumetric or mass basis 
at a known temperature and pressure), temperature, and pressure, as well as additional 
parameters that may be used for understanding potential interactions between the injectate and 
the formation. 


The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 


and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials.  


Additionally, monitoring the chemical and physical characteristics of the CO2 (e.g., isotopic 
signature, other constituents) may help distinguish the injectate from the native fluids and gases 
in case of a leak. Injectate monitoring is required at a sufficient frequency to detect changes to 
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any physical and chemical properties that may result in a deviation from the permitted 
specifications. 


7.2.3 Sampling Method – CO2 Injection Stream Gases 


Grab samples of the CO2 stream will be obtained for analysis of the components present in the 
injection stream. Samples of the CO2 stream will be collected at a location in the system where 
the material is representative of the material injected (i.e., between the compression system and 
the injection well), using a ¼-inch sampling port in the flowline which are standard fitting sizes 
on double-ended sample cylinders provided by any nationally accredited environmental 
laboratory (Figure 7-3). Quick-connect fittings are attached to the cylinder’s ¼-inch national pipe 
thread (NPT) fittings, and the cylinder is easily connected into the system. The CO2 stream flows 
from the pipeline by opening a ball valve, through a pressure reducer, into the cylinder. The 
pressure regulator will reduce the pressure of the CO2 stream to approximately 250 pounds per 
square inch (psi) so that the CO2 is in the gaseous state when collected rather than a super-critical 
liquid. The three-way valve upstream from the cylinder allows for greater control of the pressure 
in the system. Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to 
sample collection to remove laboratory-added helium gas and ensure a representative sample. 
During purging, the outlet of the sample cylinder will be connected to a ventilation line and 
vented to the atmosphere. Proper sampling technique is critical for any gas analysis program. 
Therefore, great care will be taken to ensure that the cylinder is not contaminated by atmospheric 
gas and the sample is representative of the CO2 in the pipeline. A standard sampling procedure is 
shown below in Figure 7-4. Samples will be shipped to the lab after collection in accordance 
with the standard operating procedures (SOPs) found in Section B2 of the QASP (Appendix 7.1). 
Further details related to sampling methods can be found in Section B2 of the QASP. 


 


 


Figure 7-4: Example of double-ended sample cylinder (Atlantic Analytical Laboratory, 2021). 
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Figure 7-5: Schematic of gas sampling system using a high-pressure cylinder (Atlantic Analytical 
Laboratory, 2021). 


 


7.2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 


A nationally accredited environmental laboratory will analyze the CO2 stream samples. The 
third-party laboratory will follow standard sample handling and chain-of-custody guidance (EPA 
540-R-09-03, or equivalent). Details can be found in the QASP (Appendix 7.A). 
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7.3.2 Monitoring Details 


7.3.2.1 Continuous Recording of Injection Pressure  


The CO2 injection pressure will be monitored on a continuous basis at the wellhead of the 
injection well to ensure that injection pressures do not exceed 90% of the fracture propagation 
pressure of the injection zone (40 CFR 146.88 (a)). Further details are found in the Well 
Operations Plan (Permit Section 6). If injection pressure exceeds 90% of the injection zone 
fracture pressure, then the injection process will be automatically shut down in accordance with 
the Well Operations Program.  


At the start of the injection period two retrievable bottomhole pressure gauges will be deployed 
in the injection well to provide continuous injection pressure measurements. A dynamic flow 
calculation will be made to correlate the wellhead pressure to the bottomhole pressure, and this 
calculation will be used for the initial injection conditions. The bottomhole gauges will be 
removed when a steady state of flow is achieved,  


Any anomalies outside of the normal operating specifications may indicate that an issue has 
occurred with the well, such as a loss of mechanical integrity or blockage in the tubing or may be 
caused by a change in injection flowrate. Anomalous pressure measurements would trigger the 
need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 
injection pressure will also be used to calibrate the computational modeling throughout the 
injection phase of the project.  


The wellhead pressure of the injected CO2 will be continuously measured by an electronic 
pressure transducer with analog output mounted on the CO2 line associated with the injection 
well. The transmitter will be electronically connected to the SCADA system located in the 
Control Building, which can shut down the system or change the flowrate depending on the 
pressures measured at the wellhead. The transducer will be calibrated prior to the start of 
injection operations, and annually thereafter.   


7.3.2.2 Continuous Recording of Injection Mass Flowrate  


The mass flowrate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well. The meter will have an 
analog output (Endress & Hauser Promass-Q or F Series, Micro Motion Coriolis Flow and 
Density Meter Elite Series, or similar). Two flow meters will be supplied; this will provide one 
spare flow meter to allow for flow meter servicing and calibration. The flow meter will be 
connected to the SCADA system for continuous monitoring and control of the CO2 injection rate 
into the well. Using two flow meters will allow confirmation of accurate flow measurements. 
The mass flow meters will be calibrated annually.  
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7.3.2.3 Injection Volume 


The injection volume into the reservoir will be calculated on a continuous basis based on the 
injection mass and the pressure and temperature conditions in the storage formation. The volume 
calculated will be used in the computational models to determine storage formation capacity and 
flow. 


7.3.2.4 Continuous Recording of Annular Pressure 


As described in the Well Operation Plan (Permit Section 6), the pressure on the annulus between 
the injection tubing and the long-string casing will be measured by an electronic pressure 
transducer with analog output, such as a Endress & Hauser pressure transmitter, a Foxboro I/A 
Series® IAP20, or similar, that is mounted on the wing valve/annular fluid line connected to the 
wellhead of the injection well. The transmitter will be connected to the well control system and 
the SCADA system to regulate the annular pressure.  


Annular pressures are expected to vary up to 20% during normal operations due to atmospheric 
and CO2 stream temperature fluctuations. The annular pressure gauge will be calibrated annually, 
and the transducer will be recalibrated according to the manufacturer’s recommendations.  


7.3.2.5 Continuous Recording of Annulus Fluid Volume 


As described in the Well Operation Plan (Permit Section 6), the volume of the annulus fluid 
between the injection tubing and the long-string casing will be measured using the accumulator 
levels and the brine reservoir level on the well control system. The accumulator levels will be 
measured using a level transmitter (Endress & Hauser level device, a Temposonics linear-
position sensor R-series Model RH or equivalent). The brine reservoir level will be measured 
using a level transmitter (Omega LVCN414 series or equivalent). The transmitters will be 
connected to the well control system and to the SCADA system.  


The annular fluid volume is expected to fluctuate as atmospheric and injection stream 
temperatures change. These changes are expected to be most dramatic during startup and 
shutdown operations.  


7.3.2.6 Continuous Recording of CO2 Stream Temperature 


The temperature of the CO2 injection stream will be continuously measured using an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The transmitter will be calibrated prior to the start of injection 
operations and calibrated annually. The thermocouple for measuring surface injection 
temperature will be recalibrated annually or it will be replaced with a calibrated thermocouple. 
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7.3.2.7 Bottomhole Pressure and Temperature 


Bottomhole pressure and temperature will be monitored prior to and during injection until steady 
state of flow is reached. The downhole pressure data will be used to establish a correlation 
between the storage formation pressure and the wellhead pressure for more accurate estimates of 
downhole pressure throughout injection. These data will also be used with the mass flowrate to 
calculate the volume injection rate of the CO2 into the reservoir.  


Two retrievable electronic pressure/temperature gauges, such as Pioneer Petrotech Services 
Model PPS25, or similar, will be set on a plug at the bottom of the tubing string. The gauges can 
record and store 1,000,000 sets of pressure/temperature data points. They will be recovered from 
the well via slickline and the data downloaded. Two gauges are used to confirm consistent 
measurements and provide backup if required. First, the relationship between wellhead pressure 
and formation pressure will be defined. Then this will be used as a point of compliance for 
maintaining injection pressure below 90% of formation fracture propagation pressure as per 40 
CFR 146.88 (a). The downhole pressure and temperature data will also be used to calibrate the 
dynamic model.  


The pressure/temperature gauges will be checked for visible damage each time they are removed 
from the wells. If no issues are apparent with the data or the physical appearance of the gauges, 
they will be recalibrated every three years, per the manufacturer’s recommendation. 


7.4 Corrosion Monitoring (40 CFR 146.90 (c)) 


To meet the requirements of 40 CFR 146.90 (c), Cleco Power, LLC will monitor well materials 
(Table 7-3) and components during the operational period for loss of mass, thickness, cracking, 
pitting, and other signs of corrosion to ensure that the well components meet the minimum 
standards for material strength and performance. This section presents the procedures that will be 
followed to monitor the corrosion of well materials used in the casing and tubing. For Class VI 
injection wells, corrosion monitoring of the well materials is required on a quarterly basis (40 
CFR 146.90 (c)). 


7.4.1 Monitoring Location and Frequency 


The corrosion coupons will be retrieved and analyzed every three months after the start of 
injection. If the coupons show evidence of corrosion, the injection well itself will be assessed for 
signs of corrosion using well logging techniques such as multi-finger caliper logging or an 
ultrasonic casing evaluation tool.  
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Figure 7-6: Type Corrosion coupon illustration in pipeline (top), types of coupons to be used for 
corrosion monitoring (below) (Cosasco, 2021). 


 


7.5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  


Cleco Power, LLC will monitor groundwater quality and geochemical conditions above the 
confining zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 


7.5.1 Monitoring Location and Frequency 


In addition to the shallow groundwater wells, deep groundwater wells will be drilled as part of 
the Testing and Monitoring Plan for the project. These ACZ wells will be drilled to the top of the 
confining zone and will be drilled adjacent to the injection well to monitor for any CO2 leakage 
or brine migration into the deepest USDW.  


Table 7-4 shows the proposed deep ACZ monitoring methods, depths, and frequencies. In 
addition to the data collected for the Pre-Operational Testing Program (Permit Section 5), fluids 
from the deepest USDW and the top of the confining zone will be sampled twice prior to the start 
of CO2 injection to determine if there is any natural variability in the fluids in these formations.  


Baseline shallow groundwater samples will be collected from the groundwater well network 
within the AoR (Figure 7-1) on a quarterly schedule starting prior to the start of injection to 
characterize the seasonal variations in shallow groundwater quality within the AoR (40 CFR 
146.90 (d)).  
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As a precautionary measure, the fluid sampling frequency for the shallow groundwater 
monitoring wells will also be increased. If the injected CO2 has a unique isotopic signature from 
the existing isotopes in the overlying aquifers, a new round of samples will be collected for 
isotopic analysis from the affected aquifer. Anomalous changes may also trigger the need for 
additional well integrity testing in both the deep monitoring well and the injection well to ensure 
that no well integrity issues have developed since the last set of external MITs.  


7.5.2 Analytical Parameters 


Table 7-5 identifies the geochemical parameters to be monitored and the analytical methods to be 
used on all fluid samples collected from the ACZ well, shallow groundwater wells, and the deep 
monitoring well. Fluid samples collected from these wells will be analyzed for cations, trace 
metals, anions, pH, alkalinity, total dissolved solids (TDS), density, dissolved inorganic carbon, 
and conductivity/resistivity. The cations, anions, TDS, density, and conductivity/resistivity 
provide details of the overall geochemistry of these aquifers. Changes in these parameters during 
the injection phase of the project may provide an indication of CO2 or brine movement above the 
confining layer. While pH and alkalinity may be indicators of CO2 migration above the confining 
layer, the dissolved inorganic carbon analysis could provide direct evidence of CO2 migration 
into these formations. Stable isotopes of C (in dissolved inorganic carbon), O, and H may 
provide an indication of fluid or CO2 migration into the deep ACZ aquifers and may also provide 
information about the origin of any migrating fluids. The presence of Carbon-14 may provide an 
indication of CO2 migration into the deep ACZ aquifers as any naturally occurring Carbon-14 
originally in these aquifers would have decayed long ago.  


The relative benefit of each analytical measurement will be evaluated throughout the design and 
initial injection testing phase of the project to identify the analytes best suited to meeting project 
monitoring objectives under site-specific conditions. If some analytical measurements are shown 
to be of limited use, they will be removed from the analyte list and not carried forward through 
the operational phases of the project. Any modification to the parameter list in Table 7-5 will be 
made in consultation with the UIC Program Director.  


There are no plans to use tracers during operations. However, as the monitoring plan is designed 
to be adaptive as project risks evolve over time, this decision may be re-assessed later. 
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7.7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 


Cleco Power, LLC will perform PFO tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  


PFO testing involves the measurement and analysis of pressure data from a well after it has been 
shut in. PFO tests provide the following information: 


• Confirmation of hydrogeologic reservoir properties such as injectivity and average 
permeability  


• Formation damage (skin) near the wellbore, which can be used to diagnose the need for 
well remediation/rehabilitation  


• Changes in reservoir performance over time, such as long-term pressure buildup in the 
storage formation, that may indicate formation damage  


• Average reservoir pressure that can be used to calibrate modeled predictions of reservoir 
pressure to verify that the operation is responding as modeled/predicted  


7.7.1 Testing Location and Frequency 


PFO testing will be performed in the injection well once every five years during the injection 
operations. However, additional PFO testing may be performed opportunistically if the system is 
shut down for a maintenance event, and the fall-off data may be collected and analyzed. In 
addition, data from these tests can be used to determine the duration of shut in desired for the 
scheduled PFO testing. The scheduled PFO tests will likely be performed during scheduled 
shutdown events to prevent additional system downtime. 


7.7.2 Testing Details 


A PFO test has a period of injection followed by a period of shut in. The bottom-hole pressure is 
then monitored and recorded for sufficient time during both phases of the testing to make a valid 
observation of the pressure fall-off curve. The optimal duration for the shut in periods will be 
determined through the opportunistic PFO test completed prior to the first scheduled PFO. To 
reduce the wellbore storage effects attributable to the pipeline and surface equipment, the well 
will be shut in at the wellhead nearly instantaneously with direct coordination with the injection 
facility operator. The programed injection rate will be maintained for a minimum of one week 
prior to the PFO. Additional data from the month prior to shut in will also be included in the 
analysis of the PFO test. Downhole and wellhead pressure gauges will be used to record and 
monitor bottomhole pressures during the injection period and the fall-off period. Specifications 
for the pressure gauges are provided in the QASP. 


Reservoir pressures will be measured to capture the change in bottom-hole pressure throughout 
the test period; this includes the rapidly changing pressures immediately following cessation of 
injection. The fall-off period will continue until radial flow conditions are observed as indicated 
by stabilization of the surface pressure and the plateau of the pressure derivative curve. The PFO 
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test may also be truncated if boundary effects are encountered or if radial flow conditions are not 
observed. In addition to the radial flow regime, other flow regimes may be observed from the 
PFO test including spherical flow, linear flow, and fracture flow. The shut in period of the PFO  
test is expected to last at least five days, but data collected during the opportunistic PFO test will 
be used to assess the duration of this phase of the test. Analysis of PFO test data will be done 
using transient-pressure analysis techniques that are consistent with EPA guidance for 
conducting PFO tests (EPA, 1998, 2002).  


Pressure gauges that are used for the purpose of the PFO test will be calibrated according to the 
recommendations of the manufacturer and current calibration certificates will be provided with 
the test results to EPA.  


A report containing the PFO data and interpretation of the reservoir ambient pressure will be 
submitted to the permitting agency within 90 days of the test.  


7.8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 


Cleco Power, LLC will employ direct and indirect methods to track the extent of the CO2 plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90 (g).  


7.8.1 Plume Monitoring Location and Frequency 


Table 7-9 presents a summary of the methods that will be used to monitor the location of the CO2 
plume, including the activities, locations, and frequencies. The parameters to be analyzed as part 
of fluid sampling in the injection zone and associated analytical methods are presented in Table 
7-4. The corresponding QA procedures for these methods are presented in the QASP.  


Fluid samples will be obtained for analysis from the injection intervals in accordance with the 
Pre-Operational Testing Plan. The final sampling interval will be determined after the injection 
well has been drilled and the well logs have been analyzed.  


PNC logs will be used to identify difference in reservoir fluids near the wells and will be used to 
aid in monitoring the migration of the injected CO2. PNC logs operate by generating a pulse of 
high energy neutrons, subsequently measuring the neutron decay over time and across a wide 
energy spectrum (Conner et al., 2017). 


Baseline PNC logs will be acquired in the deep monitoring, and ACZ monitoring wells prior to 
the start of CO2 injection and annually during injection. 
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No phased or adaptive monitoring has been planned for the project in terms of expanding the 
monitoring network. However, if the AoR is reassessed over the injection phase of the project, 
the Testing and Monitoring Plan will be reassessed (Permit Section 7).  
 


7.8.4 Pressure-Front Monitoring Details 


Pressure gauges will be placed on the tubing string of the deep monitor well to monitor the 
pressures in the injection formation (Table 7-10). The gauges will be memory-style gauges, such 
as Pioneer Petrotech PPS25 or similar, that would record and store the data within the gauge. 
Refer to the QASP for technical information on the potential pressure/ temperature gauges 
(Appendix 7.A). The gauges will be placed back in the well after the data download.  


The pressure data will be stored as time-stamped data pairs. It is expected that the pressures in 
the injection interval will begin to increase once injection operations begin. These data will be 
used to calibrate the computational modelling results over the injection and PISC phases of the 
project. Calibrating the computational model with pressure and temperature data from the 
storage formation will lead to more accurate predictions of pressure plume behavior over time. 
The AoR and Corrective Action Plan further describes how the pressure and temperature data 
will be used to calibrate the computational modelling, and how it might be used to trigger an 
early reassessment of the AoR (Permit Section 2). 


The proposed microseismic monitoring array will have multiple surface stations. The number 
and physical locations of these stations will be determined using a network design process. Each 
standalone station will likely consist of a seismometer, digitizer, solar panel with battery backup, 
and a cell modem/ antenna. Triggered data will be processed to provide event magnitude and 
location information and results will be reviewed by a data processor and event data will be 
received by the project daily. The event locations will be incorporated in the SEM. Microseismic 
activity will provide qualitative information on the spatial extent of pressure plume over time.   


7.9 Surface Air Monitoring and/or Soil Gas Monitoring  (40 CFR 146.90 (h)) 


The UIC Director may require surface air monitoring and/or soil gas monitoring to 
detect movement of CO2 that could endanger a USDW. 


7.10 Additional Monitoring  (40 CFR 146.90 (i)) 


The UIC Director may require additional monitoring, necessary to support, upgrade, and 
improve computational modeling of the AoR as required under 40 CFR146.84(c) and 40 
CFR144.12. 


7.11 Testing and Monitoring Plan Review  (40 CFR 146.90 (j)) 


Cleco Power, LLC shall periodically review the Testing and Monitoring Plan to incorporate 
monitoring data collected under this subpart, operational data collected as part of injection 
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operations (40 CFR 146.88), and the most recent AoR reevaluation performed (40 CFR 146.84). 
In no case shall Cleco Power, LLC review the Testing and Monitoring Plan less often than once 
every five years. Based on this review, Cleco Power, LLC shall submit an amended Testing and 
Monitoring Plan or demonstrate to the UIC Director that no amendment to the Testing and 
Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be 
approved by the UIC Director, must be incorporated into the permit, and are subject to 
the permit modification requirements pursuant to 40 CFR 144.39 or 40 CFR 144.41, as 
appropriate. Amended plans or demonstrations shall be submitted to the UIC Director as follows: 


(1) Within one year of an AoR reevaluation 


(2) Following any significant changes to the facility, such as addition of monitoring wells or 
newly permitted injection wells within the AoR, on a schedule determined by the UIC Director 


(3) When required by the UIC Director. 
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Appendix 7.A Quality Assurance and Surveillance Plan  


The Quality Assurance and Surveillance Plan is presented in a separate document accompanying 
this permit application. 
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7.0 Testing and Monitoring Plan 


7.1 Overall Strategy and Approach for Testing and Monitoring 


This Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with carbon dioxide (CO2) injection into the subsurface 
at this site. Goals of the monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting underground sources of drinking water (USDWs) 
• Ensuring that the injection well is operating as planned. 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support Area of Review (AoR) re-evaluations over the course of the project 
• The Cleco Diamond Vault project is a multi-injection well project. This Testing and 


Monitoring Plan is designed to address the regulatory requirements of monitoring all CO2 
injection wells and the associated combined AoR. 
 


The Testing and Monitoring Plan will be adaptive over time; the plan can be adjusted to respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 7-1 illustrates the AoR at the end of the injection period and the conceptual distribution of 
deep monitor wells, above confining zone wells, and seismicity stations. The AoR and 
Corrective Action Plan, Permit Section 2, (40 CFR 146.84 (b)) describes the data and 
computational techniques used to model the development of the CO2 plume during injection. It 
describes how the static earth model (SEM) was built, incorporating the two-dimensional (2D) 
seismic data. In addition, it explains how the data collected as part of this Testing and 
Monitoring Plan will be used to re-evaluate the AoR over the pre-operational and injection 
phases of the project (40 CFR 146.84 (e)).  


Certain outcomes of the testing and monitoring activities described below may trigger action 
according to the Emergency and Remedial Response Plan, Permit Section 10, (40 CFR 146.94 
(a)). 
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The Testing and Monitoring Plan will utilize several direct and indirect monitoring technologies 
throughout the injection and post-injection site care (PISC) phases of the project that will 
monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW and the deepest 


water-bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan, Permit Section 6, (40 CFR 146.82(a)(8), 
146.87). The water content and chemical composition of the CO2 stream will be monitored 
downstream of the final compression (40 CFR 146.90 (a)). Corrosion coupons composed of the 
same material as the well components and CO2-delivery pipeline will be placed in the delivery 
pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that may be 
indicative of future potential well integrity issues (40 CFR 146.90 (c)).  


Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 
flowrate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 
surface to monitor the cumulative mass of injected CO2 and ensure compliance with the permit 
injection limits. The storage formation injection volume will be calculated using the mass 
flowrate combined with the pressure and temperature conditions in the storage formation. The 
injection volumes will, in turn, be used to update the computational models at regular intervals 
throughout the injection phase of the project. The annular pressure between the tubing and the 
injection casing strings and the annular fluid volumes will also be monitored on a continuous 
basis (40 CFR 146.90 (b)). These data will be linked to a Supervisory Control and Data 
Acquisition (SCADA) system to record the operations data, control injection rates, and initiate 
system shutdown, if required. The SCADA system can also be used to adjust the volume of 
annular fluid, and thereby pressure, in the annular space to meet the operational and regulatory 
objectives. Bottomhole pressure and temperature will be measured continuously until a steady 
state of flow is reached using retrievable pressure sensors to establish a wellhead-to-bottomhole 
pressure correlation that can be used to calculate the reservoir pressure at any time using the 
wellhead pressure data.  
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Figure 7-1: Map of Diamond Vault showing conceptual layout of deep monitor wells, above 
confining zone wells, and seismicity stations with six proposed injection wells and AoR 
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Figure 7-2: Map of proposed injection well CLDV-IW5 
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)). The same internal and external integrity evaluation methods used with the 
injection well will be used on the deep monitoring wells. However, the annular pressure will be 
measured daily and adjusted as needed.  


Pressure fall-off (PFO) tests will be conducted in the injection formation in the stratigraphic test 
well (STW) and injection wells when they are drilled to establish the hydrogeologic 
characteristics of the storage formation (Permit Section 6). During the injection phase of the 
project, a PFO test will be conducted in the injection well at least once every five years. If there 
is an injection pressure increase of more than 10% over a period of one month, compared to the 
computational model, then a PFO test will be conducted sooner (40 CFR 146.90 (f)). The 
objective of the PFO testing is to periodically monitor for any changes in the near wellbore 
environment that would impact injectivity or cause injection pressures to increase. The formation 
characteristics obtained through the PFO testing will be compared to the results from previous 
tests to identify any changes over time and will be used to calibrate the computational models.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). If confirmed, this 
would trigger external well integrity testing of the injection and deep monitoring wells and may 
trigger the emergency response actions found in the Emergency and Remedial Response Plan 
(Permit Section 10). 
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Figure 7-3: Stratigraphic column for injection well IW5. 
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There is an existing, extensive, groundwater monitoring program in place at the facility (Figure 
7-1). A subset of this network will be selected, and supplemented with additional wells, to 
provide the required sampling coverage across the AoR.   


To establish a baseline of the seasonal variation in the aqueous geochemistry of these shallow 
groundwater wells, sampling will be conducted prior to the start of CO2 injection. Throughout 
the injection and PISC phases of the project, the results of the aqueous geochemistry and stable 
isotope analyses will be compared to the baseline conditions for any indication of CO2 or brine 
migration into the shallow groundwater aquifer. If indications of CO2 or brine are found in the 
shallow groundwater aquifer, it will trigger the emergency response actions found in the 
Emergency and Remedial Response Plan (Permit Section 10). 


Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation.  
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Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


The facility is in an area with low rates of seismic activity and risk (Permit Section 1). The 
primary goals of continuous background seismicity monitoring are: 


• Addressing public and stakeholder concerns related to induced seismicity  


• Monitoring the spatial extent of the pressure front from the distribution of seismic events 


• Identifying activity that may indicate failure of the confining zone and possible 
containment loss 


Table 7-1 presents the general schedule and spatial extent for the monitoring activities in the 
baseline and injection phases of the project. Refer to the PISC and Site Closure Plan (Permit 
Section 9) for discussion of the monitoring plans related to the PISC phase. Changes to the 
monitoring schedule may occur over time as the project evolves. For instance, if anomalous 
results are identified in the existing monitoring data, confirmation sampling will be conducted 
within 10 days and additional monitoring data may be acquired through subsequent 
investigations into the anomalous results. Likewise, if the CO2 plume behaves in a stable and 
predictable manner for many years through the injection phase of the project, some monitoring 
may be reduced in frequency. Any such changes to the Testing and Monitoring Plan will be 
made in consultation with the Underground Injection Control (UIC) Program Director (40 CFR 
146.90 (j)).   
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7.1.1 Quality Assurance Procedures 


Data quality assurance and surveillance protocols adopted by the project have been designed to 
facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality assurance 
(QA) requirements for direct measurements within the injection zone, above the confining zone, 
and within the shallow USDW aquifer are described in the Quality Assurance and Surveillance 
Plan (QASP) that is attached to this document (Appendix 7.1). These measurements will be 
performed based on best industry practices and the QA protocols recommended by the service 
contractors selected to perform the work.  


7.1.2 Reporting Procedures 


Cleco Power, LLC will report the results of all testing and monitoring activities to the EPA in 
compliance with the requirements under 40 CFR 146.91. 


7.2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 


Cleco Power, LLC will analyze the CO2 stream during the injection phase of the project to 
provide data representative of its chemical characteristics and to meet the requirements of 40 
CFR 146.90 (a). 


This section describes the measurements and sampling methodologies that will be used to 
monitor the chemical characteristics of the CO2 injection stream. 


7.2.1 Sampling Location and Frequency 


Prior to injection, the CO2 stream will be sampled during regular plant operations to obtain 
representative CO2 samples that will serve as a baseline dataset.  


7.2.2 Analytical Parameters 


The CO2 stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics (40 CFR 146.90(a)). These characteristics include fluid 
composition (i.e., fraction of CO2 and other constituents measured on a volumetric or mass basis 
at a known temperature and pressure), temperature, and pressure, as well as additional 
parameters that may be used for understanding potential interactions between the injectate and 
the formation. 


The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 


and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials.  


Additionally, monitoring the chemical and physical characteristics of the CO2 (e.g., isotopic 
signature, other constituents) may help distinguish the injectate from the native fluids and gases 
in case of a leak. Injectate monitoring is required at a sufficient frequency to detect changes to 
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any physical and chemical properties that may result in a deviation from the permitted 
specifications. 


7.2.3 Sampling Method – CO2 Injection Stream Gases 


Grab samples of the CO2 stream will be obtained for analysis of the components present in the 
injection stream. Samples of the CO2 stream will be collected at a location in the system where 
the material is representative of the material injected (i.e., between the compression system and 
the injection well), using a ¼-inch sampling port in the flowline which are standard fitting sizes 
on double-ended sample cylinders provided by any nationally accredited environmental 
laboratory (Figure 7-3). Quick-connect fittings are attached to the cylinder’s ¼-inch national pipe 
thread (NPT) fittings, and the cylinder is easily connected into the system. The CO2 stream flows 
from the pipeline by opening a ball valve, through a pressure reducer, into the cylinder. The 
pressure regulator will reduce the pressure of the CO2 stream to approximately 250 pounds per 
square inch (psi) so that the CO2 is in the gaseous state when collected rather than a super-critical 
liquid. The three-way valve upstream from the cylinder allows for greater control of the pressure 
in the system. Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to 
sample collection to remove laboratory-added helium gas and ensure a representative sample. 
During purging, the outlet of the sample cylinder will be connected to a ventilation line and 
vented to the atmosphere. Proper sampling technique is critical for any gas analysis program. 
Therefore, great care will be taken to ensure that the cylinder is not contaminated by atmospheric 
gas and the sample is representative of the CO2 in the pipeline. A standard sampling procedure is 
shown below in Figure 7-4. Samples will be shipped to the lab after collection in accordance 
with the standard operating procedures (SOPs) found in Section B2 of the QASP (Appendix 7.1). 
Further details related to sampling methods can be found in Section B2 of the QASP. 


 


 


Figure 7-4: Example of double-ended sample cylinder (Atlantic Analytical Laboratory, 2021). 
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Figure 7-5: Schematic of gas sampling system using a high-pressure cylinder (Atlantic Analytical 
Laboratory, 2021). 


 


7.2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 


A nationally accredited environmental laboratory will analyze the CO2 stream samples. The 
third-party laboratory will follow standard sample handling and chain-of-custody guidance (EPA 
540-R-09-03, or equivalent). Details can be found in the QASP (Appendix 7.A). 
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7.3.2 Monitoring Details 


7.3.2.1 Continuous Recording of Injection Pressure  


The CO2 injection pressure will be monitored on a continuous basis at the wellhead of the 
injection well to ensure that injection pressures do not exceed 90% of the fracture propagation 
pressure of the injection zone (40 CFR 146.88 (a)). Further details are found in the Well 
Operations Plan (Permit Section 6). If injection pressure exceeds 90% of the injection zone 
fracture pressure, then the injection process will be automatically shut down in accordance with 
the Well Operations Program.  


At the start of the injection period two retrievable bottomhole pressure gauges will be deployed 
in the injection well to provide continuous injection pressure measurements. A dynamic flow 
calculation will be made to correlate the wellhead pressure to the bottomhole pressure, and this 
calculation will be used for the initial injection conditions. The bottomhole gauges will be 
removed when a steady state of flow is achieved,  


Any anomalies outside of the normal operating specifications may indicate that an issue has 
occurred with the well, such as a loss of mechanical integrity or blockage in the tubing or may be 
caused by a change in injection flowrate. Anomalous pressure measurements would trigger the 
need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 
injection pressure will also be used to calibrate the computational modeling throughout the 
injection phase of the project.  


The wellhead pressure of the injected CO2 will be continuously measured by an electronic 
pressure transducer with analog output mounted on the CO2 line associated with the injection 
well. The transmitter will be electronically connected to the SCADA system located in the 
Control Building, which can shut down the system or change the flowrate depending on the 
pressures measured at the wellhead. The transducer will be calibrated prior to the start of 
injection operations, and annually thereafter.   


7.3.2.2 Continuous Recording of Injection Mass Flowrate  


The mass flowrate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well. The meter will have an 
analog output (Endress & Hauser Promass-Q or F Series, Micro Motion Coriolis Flow and 
Density Meter Elite Series, or similar). Two flow meters will be supplied; this will provide one 
spare flow meter to allow for flow meter servicing and calibration. The flow meter will be 
connected to the SCADA system for continuous monitoring and control of the CO2 injection rate 
into the well. Using two flow meters will allow confirmation of accurate flow measurements. 
The mass flow meters will be calibrated annually.  
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7.3.2.3 Injection Volume 


The injection volume into the reservoir will be calculated on a continuous basis based on the 
injection mass and the pressure and temperature conditions in the storage formation. The volume 
calculated will be used in the computational models to determine storage formation capacity and 
flow. 


7.3.2.4 Continuous Recording of Annular Pressure 


As described in the Well Operation Plan (Permit Section 6), the pressure on the annulus between 
the injection tubing and the long-string casing will be measured by an electronic pressure 
transducer with analog output, such as a Endress & Hauser pressure transmitter, a Foxboro I/A 
Series® IAP20, or similar, that is mounted on the wing valve/annular fluid line connected to the 
wellhead of the injection well. The transmitter will be connected to the well control system and 
the SCADA system to regulate the annular pressure.  


Annular pressures are expected to vary up to 20% during normal operations due to atmospheric 
and CO2 stream temperature fluctuations. The annular pressure gauge will be calibrated annually, 
and the transducer will be recalibrated according to the manufacturer’s recommendations.  


7.3.2.5 Continuous Recording of Annulus Fluid Volume 


As described in the Well Operation Plan (Permit Section 6), the volume of the annulus fluid 
between the injection tubing and the long-string casing will be measured using the accumulator 
levels and the brine reservoir level on the well control system. The accumulator levels will be 
measured using a level transmitter (Endress & Hauser level device, a Temposonics linear-
position sensor R-series Model RH or equivalent). The brine reservoir level will be measured 
using a level transmitter (Omega LVCN414 series or equivalent). The transmitters will be 
connected to the well control system and to the SCADA system.  


The annular fluid volume is expected to fluctuate as atmospheric and injection stream 
temperatures change. These changes are expected to be most dramatic during startup and 
shutdown operations.  


7.3.2.6 Continuous Recording of CO2 Stream Temperature 


The temperature of the CO2 injection stream will be continuously measured using an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The transmitter will be calibrated prior to the start of injection 
operations and calibrated annually. The thermocouple for measuring surface injection 
temperature will be recalibrated annually or it will be replaced with a calibrated thermocouple. 
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7.3.2.7 Bottomhole Pressure and Temperature 


Bottomhole pressure and temperature will be monitored prior to and during injection until steady 
state of flow is reached. The downhole pressure data will be used to establish a correlation 
between the storage formation pressure and the wellhead pressure for more accurate estimates of 
downhole pressure throughout injection. These data will also be used with the mass flowrate to 
calculate the volume injection rate of the CO2 into the reservoir.  


Two retrievable electronic pressure/temperature gauges, such as Pioneer Petrotech Services 
Model PPS25, or similar, will be set on a plug at the bottom of the tubing string. The gauges can 
record and store 1,000,000 sets of pressure/temperature data points. They will be recovered from 
the well via slickline and the data downloaded. Two gauges are used to confirm consistent 
measurements and provide backup if required. First, the relationship between wellhead pressure 
and formation pressure will be defined. Then this will be used as a point of compliance for 
maintaining injection pressure below 90% of formation fracture propagation pressure as per 40 
CFR 146.88 (a). The downhole pressure and temperature data will also be used to calibrate the 
dynamic model.  


The pressure/temperature gauges will be checked for visible damage each time they are removed 
from the wells. If no issues are apparent with the data or the physical appearance of the gauges, 
they will be recalibrated every three years, per the manufacturer’s recommendation. 


7.4 Corrosion Monitoring (40 CFR 146.90 (c)) 


To meet the requirements of 40 CFR 146.90 (c), Cleco Power, LLC will monitor well materials 
(Table 7-3) and components during the operational period for loss of mass, thickness, cracking, 
pitting, and other signs of corrosion to ensure that the well components meet the minimum 
standards for material strength and performance. This section presents the procedures that will be 
followed to monitor the corrosion of well materials used in the casing and tubing. For Class VI 
injection wells, corrosion monitoring of the well materials is required on a quarterly basis (40 
CFR 146.90 (c)). 


7.4.1 Monitoring Location and Frequency 


The corrosion coupons will be retrieved and analyzed every three months after the start of 
injection. If the coupons show evidence of corrosion, the injection well itself will be assessed for 
signs of corrosion using well logging techniques such as multi-finger caliper logging or an 
ultrasonic casing evaluation tool.  
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Figure 7-6: Type Corrosion coupon illustration in pipeline (top), types of coupons to be used for 
corrosion monitoring (below) (Cosasco, 2021). 


 


7.5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  


Cleco Power, LLC will monitor groundwater quality and geochemical conditions above the 
confining zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 


7.5.1 Monitoring Location and Frequency 


In addition to the shallow groundwater wells, deep groundwater wells will be drilled as part of 
the Testing and Monitoring Plan for the project. These ACZ wells will be drilled to the top of the 
confining zone and will be drilled adjacent to the injection well to monitor for any CO2 leakage 
or brine migration into the deepest USDW.  


Table 7-4 shows the proposed deep ACZ monitoring methods, depths, and frequencies. In 
addition to the data collected for the Pre-Operational Testing Program (Permit Section 5), fluids 
from the deepest USDW and the top of the confining zone will be sampled twice prior to the start 
of CO2 injection to determine if there is any natural variability in the fluids in these formations.  


Baseline shallow groundwater samples will be collected from the groundwater well network 
within the AoR (Figure 7-1) on a quarterly schedule starting prior to the start of injection to 
characterize the seasonal variations in shallow groundwater quality within the AoR (40 CFR 
146.90 (d)).  
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As a precautionary measure, the fluid sampling frequency for the shallow groundwater 
monitoring wells will also be increased. If the injected CO2 has a unique isotopic signature from 
the existing isotopes in the overlying aquifers, a new round of samples will be collected for 
isotopic analysis from the affected aquifer. Anomalous changes may also trigger the need for 
additional well integrity testing in both the deep monitoring well and the injection well to ensure 
that no well integrity issues have developed since the last set of external MITs.  


7.5.2 Analytical Parameters 


Table 7-5 identifies the geochemical parameters to be monitored and the analytical methods to be 
used on all fluid samples collected from the ACZ well, shallow groundwater wells, and the deep 
monitoring well. Fluid samples collected from these wells will be analyzed for cations, trace 
metals, anions, pH, alkalinity, total dissolved solids (TDS), density, dissolved inorganic carbon, 
and conductivity/resistivity. The cations, anions, TDS, density, and conductivity/resistivity 
provide details of the overall geochemistry of these aquifers. Changes in these parameters during 
the injection phase of the project may provide an indication of CO2 or brine movement above the 
confining layer. While pH and alkalinity may be indicators of CO2 migration above the confining 
layer, the dissolved inorganic carbon analysis could provide direct evidence of CO2 migration 
into these formations. Stable isotopes of C (in dissolved inorganic carbon), O, and H may 
provide an indication of fluid or CO2 migration into the deep ACZ aquifers and may also provide 
information about the origin of any migrating fluids. The presence of Carbon-14 may provide an 
indication of CO2 migration into the deep ACZ aquifers as any naturally occurring Carbon-14 
originally in these aquifers would have decayed long ago.  


The relative benefit of each analytical measurement will be evaluated throughout the design and 
initial injection testing phase of the project to identify the analytes best suited to meeting project 
monitoring objectives under site-specific conditions. If some analytical measurements are shown 
to be of limited use, they will be removed from the analyte list and not carried forward through 
the operational phases of the project. Any modification to the parameter list in Table 7-5 will be 
made in consultation with the UIC Program Director.  


There are no plans to use tracers during operations. However, as the monitoring plan is designed 
to be adaptive as project risks evolve over time, this decision may be re-assessed later. 
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7.7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 


Cleco Power, LLC will perform PFO tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  


PFO testing involves the measurement and analysis of pressure data from a well after it has been 
shut in. PFO tests provide the following information: 


• Confirmation of hydrogeologic reservoir properties such as injectivity and average 
permeability  


• Formation damage (skin) near the wellbore, which can be used to diagnose the need for 
well remediation/rehabilitation  


• Changes in reservoir performance over time, such as long-term pressure buildup in the 
storage formation, that may indicate formation damage  


• Average reservoir pressure that can be used to calibrate modeled predictions of reservoir 
pressure to verify that the operation is responding as modeled/predicted  


7.7.1 Testing Location and Frequency 


PFO testing will be performed in the injection well once every five years during the injection 
operations. However, additional PFO testing may be performed opportunistically if the system is 
shut down for a maintenance event, and the fall-off data may be collected and analyzed. In 
addition, data from these tests can be used to determine the duration of shut in desired for the 
scheduled PFO testing. The scheduled PFO tests will likely be performed during scheduled 
shutdown events to prevent additional system downtime. 


7.7.2 Testing Details 


A PFO test has a period of injection followed by a period of shut in. The bottom-hole pressure is 
then monitored and recorded for sufficient time during both phases of the testing to make a valid 
observation of the pressure fall-off curve. The optimal duration for the shut in periods will be 
determined through the opportunistic PFO test completed prior to the first scheduled PFO. To 
reduce the wellbore storage effects attributable to the pipeline and surface equipment, the well 
will be shut in at the wellhead nearly instantaneously with direct coordination with the injection 
facility operator. The programed injection rate will be maintained for a minimum of one week 
prior to the PFO. Additional data from the month prior to shut in will also be included in the 
analysis of the PFO test. Downhole and wellhead pressure gauges will be used to record and 
monitor bottomhole pressures during the injection period and the fall-off period. Specifications 
for the pressure gauges are provided in the QASP. 


Reservoir pressures will be measured to capture the change in bottom-hole pressure throughout 
the test period; this includes the rapidly changing pressures immediately following cessation of 
injection. The fall-off period will continue until radial flow conditions are observed as indicated 
by stabilization of the surface pressure and the plateau of the pressure derivative curve. The PFO 
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test may also be truncated if boundary effects are encountered or if radial flow conditions are not 
observed. In addition to the radial flow regime, other flow regimes may be observed from the 
PFO test including spherical flow, linear flow, and fracture flow. The shut in period of the PFO 
test is expected to last at least five days, but data collected during the opportunistic PFO test will 
be used to assess the duration of this phase of the test. Analysis of PFO test data will be done 
using transient-pressure analysis techniques that are consistent with EPA guidance for 
conducting PFO tests (EPA, 1998, 2002).  


Pressure gauges that are used for the purpose of the PFO test will be calibrated according to the 
recommendations of the manufacturer and current calibration certificates will be provided with 
the test results to EPA.  


A report containing the PFO data and interpretation of the reservoir ambient pressure will be 
submitted to the permitting agency within 90 days of the test.  


7.8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 


Cleco Power, LLC will employ direct and indirect methods to track the extent of the CO2 plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90 (g).  


7.8.1 Plume Monitoring Location and Frequency 


Table 7-9 presents a summary of the methods that will be used to monitor the location of the CO2 
plume, including the activities, locations, and frequencies. The parameters to be analyzed as part 
of fluid sampling in the injection zone and associated analytical methods are presented in Table 
7-4. The corresponding QA procedures for these methods are presented in the QASP.  


Fluid samples will be obtained for analysis from the injection intervals in accordance with the 
Pre-Operational Testing Plan. The final sampling interval will be determined after the injection 
well has been drilled and the well logs have been analyzed.  


PNC logs will be used to identify difference in reservoir fluids near the wells and will be used to 
aid in monitoring the migration of the injected CO2. PNC logs operate by generating a pulse of 
high energy neutrons, subsequently measuring the neutron decay over time and across a wide 
energy spectrum (Conner et al., 2017). 


Baseline PNC logs will be acquired in the deep monitoring, and ACZ monitoring wells prior to 
the start of CO2 injection and annually during injection. 
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No phased or adaptive monitoring has been planned for the project in terms of expanding the 
monitoring network. However, if the AoR is reassessed over the injection phase of the project, 
the Testing and Monitoring Plan will be reassessed (Permit Section 7).  
 


7.8.4 Pressure-Front Monitoring Details 


Pressure gauges will be placed on the tubing string of the deep monitor well to monitor the 
pressures in the injection formation (Table 7-10). The gauges will be memory-style gauges, such 
as Pioneer Petrotech PPS25 or similar, that would record and store the data within the gauge. 
Refer to the QASP for technical information on the potential pressure/ temperature gauges 
(Appendix 7.A). The gauges will be placed back in the well after the data download.  


The pressure data will be stored as time-stamped data pairs. It is expected that the pressures in 
the injection interval will begin to increase once injection operations begin. These data will be 
used to calibrate the computational modelling results over the injection and PISC phases of the 
project. Calibrating the computational model with pressure and temperature data from the 
storage formation will lead to more accurate predictions of pressure plume behavior over time. 
The AoR and Corrective Action Plan further describes how the pressure and temperature data 
will be used to calibrate the computational modelling, and how it might be used to trigger an 
early reassessment of the AoR (Permit Section 2). 


The proposed microseismic monitoring array will have multiple surface stations. The number 
and physical locations of these stations will be determined using a network design process. Each 
standalone station will likely consist of a seismometer, digitizer, solar panel with battery backup, 
and a cell modem/ antenna. Triggered data will be processed to provide event magnitude and 
location information and results will be reviewed by a data processor and event data will be 
received by the project daily. The event locations will be incorporated in the SEM. Microseismic 
activity will provide qualitative information on the spatial extent of pressure plume over time.   


7.9 Surface Air Monitoring and/or Soil Gas Monitoring  (40 CFR 146.90 (h)) 


The UIC Director may require surface air monitoring and/or soil gas monitoring to 
detect movement of CO2 that could endanger a USDW. 


7.10 Additional Monitoring  (40 CFR 146.90 (i)) 


The UIC Director may require additional monitoring, necessary to support, upgrade, and 
improve computational modeling of the AoR as required under 40 CFR146.84(c) and 40 
CFR144.12. 


7.11 Testing and Monitoring Plan Review  (40 CFR 146.90 (j)) 


Cleco Power, LLC shall periodically review the Testing and Monitoring Plan to incorporate 
monitoring data collected under this subpart, operational data collected as part of injection 







 


Testing and Monitoring Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 35 of 36 


operations (40 CFR 146.88), and the most recent AoR reevaluation performed (40 CFR 146.84). 
In no case shall Cleco Power, LLC review the Testing and Monitoring Plan less often than once 
every five years. Based on this review, Cleco Power, LLC shall submit an amended Testing and 
Monitoring Plan or demonstrate to the UIC Director that no amendment to the Testing and 
Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be 
approved by the UIC Director, must be incorporated into the permit, and are subject to 
the permit modification requirements pursuant to 40 CFR 144.39 or 40 CFR 144.41, as 
appropriate. Amended plans or demonstrations shall be submitted to the UIC Director as follows: 


(1) Within one year of an AoR reevaluation 


(2) Following any significant changes to the facility, such as addition of monitoring wells or 
newly permitted injection wells within the AoR, on a schedule determined by the UIC Director 


(3) When required by the UIC Director. 
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Appendix 7.A Quality Assurance and Surveillance Plan  


The Quality Assurance and Surveillance Plan is presented in a separate document accompanying 
this permit application. 
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7.0 Testing and Monitoring Plan 


7.1 Overall Strategy and Approach for Testing and Monitoring 


This Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with carbon dioxide (CO2) injection into the subsurface 
at this site. Goals of the monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting underground sources of drinking water (USDWs) 
• Ensuring that the injection well is operating as planned. 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support Area of Review (AoR) re-evaluations over the course of the project 
• The Cleco Diamond Vault project is a multi-injection well project. This Testing and 


Monitoring Plan is designed to address the regulatory requirements of monitoring all CO2 
injection wells and the associated combined AoR. 
 


The Testing and Monitoring Plan will be adaptive over time; the plan can be adjusted to respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 7-1 illustrates the AoR at the end of the injection period and the conceptual distribution of 
deep monitor wells, above confining zone wells, and seismicity stations. The AoR and 
Corrective Action Plan, Permit Section 2, (40 CFR 146.84 (b)) describes the data and 
computational techniques used to model the development of the CO2 plume during injection. It 
describes how the static earth model (SEM) was built, incorporating the two-dimensional (2D) 
seismic data. In addition, it explains how the data collected as part of this Testing and 
Monitoring Plan will be used to re-evaluate the AoR over the pre-operational and injection 
phases of the project (40 CFR 146.84 (e)).  


Certain outcomes of the testing and monitoring activities described below may trigger action 
according to the Emergency and Remedial Response Plan, Permit Section 10, (40 CFR 146.94 
(a)). 
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The Testing and Monitoring Plan will utilize several direct and indirect monitoring technologies 
throughout the injection and post-injection site care (PISC) phases of the project that will 
monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW and the deepest 


water-bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan, Permit Section 6, (40 CFR 146.82(a)(8), 
146.87). The water content and chemical composition of the CO2 stream will be monitored 
downstream of the final compression (40 CFR 146.90 (a)). Corrosion coupons composed of the 
same material as the well components and CO2-delivery pipeline will be placed in the delivery 
pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that may be 
indicative of future potential well integrity issues (40 CFR 146.90 (c)).  


Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 
flowrate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 
surface to monitor the cumulative mass of injected CO2 and ensure compliance with the permit 
injection limits. The storage formation injection volume will be calculated using the mass 
flowrate combined with the pressure and temperature conditions in the storage formation. The 
injection volumes will, in turn, be used to update the computational models at regular intervals 
throughout the injection phase of the project. The annular pressure between the tubing and the 
injection casing strings and the annular fluid volumes will also be monitored on a continuous 
basis (40 CFR 146.90 (b)). These data will be linked to a Supervisory Control and Data 
Acquisition (SCADA) system to record the operations data, control injection rates, and initiate 
system shutdown, if required. The SCADA system can also be used to adjust the volume of 
annular fluid, and thereby pressure, in the annular space to meet the operational and regulatory 
objectives. Bottomhole pressure and temperature will be measured continuously until a steady 
state of flow is reached using retrievable pressure sensors to establish a wellhead-to-bottomhole 
pressure correlation that can be used to calculate the reservoir pressure at any time using the 
wellhead pressure data.  
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Figure 7-1: Map of Diamond Vault showing conceptual layout of deep monitor wells, above 
confining zone wells, and seismicity stations with six proposed injection wells and AoR 
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Figure 7-2: Map of proposed injection well CLDV-IW1 
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)). The same internal and external integrity evaluation methods used with the 
injection well will be used on the deep monitoring wells. However, the annular pressure will be 
measured daily and adjusted as needed.  


Pressure fall-off (PFO) tests will be conducted in the injection formation in the stratigraphic test 
well (STW) and injection wells when they are drilled to establish the hydrogeologic 
characteristics of the storage formation (Permit Section 6). During the injection phase of the 
project, a PFO test will be conducted in the injection well at least once every five years. If there 
is an injection pressure increase of more than 10% over a period of one month, compared to the 
computational model, then a PFO test will be conducted sooner (40 CFR 146.90 (f)). The 
objective of the PFO testing is to periodically monitor for any changes in the near wellbore 
environment that would impact injectivity or cause injection pressures to increase. The formation 
characteristics obtained through the PFO testing will be compared to the results from previous 
tests to identify any changes over time and will be used to calibrate the computational models.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). If confirmed, this 
would trigger external well integrity testing of the injection and deep monitoring wells and may 
trigger the emergency response actions found in the Emergency and Remedial Response Plan 
(Permit Section 10). 
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Figure 7-3: Stratigraphic column for injection well IW1. 
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There is an existing, extensive, groundwater monitoring program in place at the facility (Figure 
7-1). A subset of this network will be selected, and supplemented with additional wells, to 
provide the required sampling coverage across the AoR.   


To establish a baseline of the seasonal variation in the aqueous geochemistry of these shallow 
groundwater wells, sampling will be conducted prior to the start of CO2 injection. Throughout 
the injection and PISC phases of the project, the results of the aqueous geochemistry and stable 
isotope analyses will be compared to the baseline conditions for any indication of CO2 or brine 
migration into the shallow groundwater aquifer. If indications of CO2 or brine are found in the 
shallow groundwater aquifer, it will trigger the emergency response actions found in the 
Emergency and Remedial Response Plan (Permit Section 10). 


Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation.  
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Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


The facility is in an area with low rates of seismic activity and risk (Permit Section 1). The 
primary goals of continuous background seismicity monitoring are: 


• Addressing public and stakeholder concerns related to induced seismicity  


• Monitoring the spatial extent of the pressure front from the distribution of seismic events 


• Identifying activity that may indicate failure of the confining zone and possible 
containment loss 


Table 7-1 presents the general schedule and spatial extent for the monitoring activities in the 
baseline and injection phases of the project. Refer to the PISC and Site Closure Plan (Permit 
Section 9) for discussion of the monitoring plans related to the PISC phase. Changes to the 
monitoring schedule may occur over time as the project evolves. For instance, if anomalous 
results are identified in the existing monitoring data, confirmation sampling will be conducted 
within 10 days and additional monitoring data may be acquired through subsequent 
investigations into the anomalous results. Likewise, if the CO2 plume behaves in a stable and 
predictable manner for many years through the injection phase of the project, some monitoring 
may be reduced in frequency. Any such changes to the Testing and Monitoring Plan will be 
made in consultation with the Underground Injection Control (UIC) Program Director (40 CFR 
146.90 (j)).   
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7.1.1 Quality Assurance Procedures 


Data quality assurance and surveillance protocols adopted by the project have been designed to 
facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality assurance 
(QA) requirements for direct measurements within the injection zone, above the confining zone, 
and within the shallow USDW aquifer are described in the Quality Assurance and Surveillance 
Plan (QASP) that is attached to this document (Appendix 7.1). These measurements will be 
performed based on best industry practices and the QA protocols recommended by the service 
contractors selected to perform the work.  


7.1.2 Reporting Procedures 


Cleco Power, LLC will report the results of all testing and monitoring activities to the EPA in 
compliance with the requirements under 40 CFR 146.91. 


7.2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 


Cleco Power, LLC will analyze the CO2 stream during the injection phase of the project to 
provide data representative of its chemical characteristics and to meet the requirements of 40 
CFR 146.90 (a). 


This section describes the measurements and sampling methodologies that will be used to 
monitor the chemical characteristics of the CO2 injection stream. 


7.2.1 Sampling Location and Frequency 


Prior to injection, the CO2 stream will be sampled during regular plant operations to obtain 
representative CO2 samples that will serve as a baseline dataset.  


7.2.2 Analytical Parameters 


The CO2 stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics (40 CFR 146.90(a)). These characteristics include fluid 
composition (i.e., fraction of CO2 and other constituents measured on a volumetric or mass basis 
at a known temperature and pressure), temperature, and pressure, as well as additional 
parameters that may be used for understanding potential interactions between the injectate and 
the formation. 


The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 


and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials.  


Additionally, monitoring the chemical and physical characteristics of the CO2 (e.g., isotopic 
signature, other constituents) may help distinguish the injectate from the native fluids and gases 
in case of a leak. Injectate monitoring is required at a sufficient frequency to detect changes to 
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any physical and chemical properties that may result in a deviation from the permitted 
specifications. 


7.2.3 Sampling Method – CO2 Injection Stream Gases 


Grab samples of the CO2 stream will be obtained for analysis of the components present in the 
injection stream. Samples of the CO2 stream will be collected at a location in the system where 
the material is representative of the material injected (i.e., between the compression system and 
the injection well), using a ¼-inch sampling port in the flowline which are standard fitting sizes 
on double-ended sample cylinders provided by any nationally accredited environmental 
laboratory (Figure 7-3). Quick-connect fittings are attached to the cylinder’s ¼-inch national pipe 
thread (NPT) fittings, and the cylinder is easily connected into the system. The CO2 stream flows 
from the pipeline by opening a ball valve, through a pressure reducer, into the cylinder. The 
pressure regulator will reduce the pressure of the CO2 stream to approximately 250 pounds per 
square inch (psi) so that the CO2 is in the gaseous state when collected rather than a super-critical 
liquid. The three-way valve upstream from the cylinder allows for greater control of the pressure 
in the system. Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to 
sample collection to remove laboratory-added helium gas and ensure a representative sample. 
During purging, the outlet of the sample cylinder will be connected to a ventilation line and 
vented to the atmosphere. Proper sampling technique is critical for any gas analysis program. 
Therefore, great care will be taken to ensure that the cylinder is not contaminated by atmospheric 
gas and the sample is representative of the CO2 in the pipeline. A standard sampling procedure is 
shown below in Figure 7-4. Samples will be shipped to the lab after collection in accordance 
with the standard operating procedures (SOPs) found in Section B2 of the QASP (Appendix 7.1). 
Further details related to sampling methods can be found in Section B2 of the QASP. 


 


 


Figure 7-4: Example of double-ended sample cylinder (Atlantic Analytical Laboratory, 2021). 
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Figure 7-5: Schematic of gas sampling system using a high-pressure cylinder (Atlantic Analytical 
Laboratory, 2021). 


 


7.2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 


A nationally accredited environmental laboratory will analyze the CO2 stream samples. The 
third-party laboratory will follow standard sample handling and chain-of-custody guidance (EPA 
540-R-09-03, or equivalent). Details can be found in the QASP (Appendix 7.A). 
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7.3.2 Monitoring Details 


7.3.2.1 Continuous Recording of Injection Pressure  


The CO2 injection pressure will be monitored on a continuous basis at the wellhead of the 
injection well to ensure that injection pressures do not exceed 90% of the fracture propagation 
pressure of the injection zone (40 CFR 146.88 (a)). Further details are found in the Well 
Operations Plan (Permit Section 6). If injection pressure exceeds 90% of the injection zone 
fracture pressure, then the injection process will be automatically shut down in accordance with 
the Well Operations Program.  


At the start of the injection period two retrievable bottomhole pressure gauges will be deployed 
in the injection well to provide continuous injection pressure measurements. A dynamic flow 
calculation will be made to correlate the wellhead pressure to the bottomhole pressure, and this 
calculation will be used for the initial injection conditions. The bottomhole gauges will be 
removed when a steady state of flow is achieved,  


Any anomalies outside of the normal operating specifications may indicate that an issue has 
occurred with the well, such as a loss of mechanical integrity or blockage in the tubing or may be 
caused by a change in injection flowrate. Anomalous pressure measurements would trigger the 
need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 
injection pressure will also be used to calibrate the computational modeling throughout the 
injection phase of the project.  


The wellhead pressure of the injected CO2 will be continuously measured by an electronic 
pressure transducer with analog output mounted on the CO2 line associated with the injection 
well. The transmitter will be electronically connected to the SCADA system located in the 
Control Building, which can shut down the system or change the flowrate depending on the 
pressures measured at the wellhead. The transducer will be calibrated prior to the start of 
injection operations, and annually thereafter.   


7.3.2.2 Continuous Recording of Injection Mass Flowrate  


The mass flowrate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well. The meter will have an 
analog output (Endress & Hauser Promass-Q or F Series, Micro Motion Coriolis Flow and 
Density Meter Elite Series, or similar). Two flow meters will be supplied; this will provide one 
spare flow meter to allow for flow meter servicing and calibration. The flow meter will be 
connected to the SCADA system for continuous monitoring and control of the CO2 injection rate 
into the well. Using two flow meters will allow confirmation of accurate flow measurements. 
The mass flow meters will be calibrated annually.  
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7.3.2.3 Injection Volume 


The injection volume into the reservoir will be calculated on a continuous basis based on the 
injection mass and the pressure and temperature conditions in the storage formation. The volume 
calculated will be used in the computational models to determine storage formation capacity and 
flow. 


7.3.2.4 Continuous Recording of Annular Pressure 


As described in the Well Operation Plan (Permit Section 6), the pressure on the annulus between 
the injection tubing and the long-string casing will be measured by an electronic pressure 
transducer with analog output, such as a Endress & Hauser pressure transmitter, a Foxboro I/A 
Series® IAP20, or similar, that is mounted on the wing valve/annular fluid line connected to the 
wellhead of the injection well. The transmitter will be connected to the well control system and 
the SCADA system to regulate the annular pressure.  


Annular pressures are expected to vary up to 20% during normal operations due to atmospheric 
and CO2 stream temperature fluctuations. The annular pressure gauge will be calibrated annually, 
and the transducer will be recalibrated according to the manufacturer’s recommendations.  


7.3.2.5 Continuous Recording of Annulus Fluid Volume 


As described in the Well Operation Plan (Permit Section 6), the volume of the annulus fluid 
between the injection tubing and the long-string casing will be measured using the accumulator 
levels and the brine reservoir level on the well control system. The accumulator levels will be 
measured using a level transmitter (Endress & Hauser level device, a Temposonics linear-
position sensor R-series Model RH or equivalent). The brine reservoir level will be measured 
using a level transmitter (Omega LVCN414 series or equivalent). The transmitters will be 
connected to the well control system and to the SCADA system.  


The annular fluid volume is expected to fluctuate as atmospheric and injection stream 
temperatures change. These changes are expected to be most dramatic during startup and 
shutdown operations.  


7.3.2.6 Continuous Recording of CO2 Stream Temperature 


The temperature of the CO2 injection stream will be continuously measured using an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The transmitter will be calibrated prior to the start of injection 
operations and calibrated annually. The thermocouple for measuring surface injection 
temperature will be recalibrated annually or it will be replaced with a calibrated thermocouple. 
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7.3.2.7 Bottomhole Pressure and Temperature 


Bottomhole pressure and temperature will be monitored prior to and during injection until steady 
state of flow is reached. The downhole pressure data will be used to establish a correlation 
between the storage formation pressure and the wellhead pressure for more accurate estimates of 
downhole pressure throughout injection. These data will also be used with the mass flowrate to 
calculate the volume injection rate of the CO2 into the reservoir.  


Two retrievable electronic pressure/temperature gauges, such as Pioneer Petrotech Services 
Model PPS25, or similar, will be set on a plug at the bottom of the tubing string. The gauges can 
record and store 1,000,000 sets of pressure/temperature data points. They will be recovered from 
the well via slickline and the data downloaded. Two gauges are used to confirm consistent 
measurements and provide backup if required. First, the relationship between wellhead pressure 
and formation pressure will be defined. Then this will be used as a point of compliance for 
maintaining injection pressure below 90% of formation fracture propagation pressure as per 40 
CFR 146.88 (a). The downhole pressure and temperature data will also be used to calibrate the 
dynamic model.  


The pressure/temperature gauges will be checked for visible damage each time they are removed 
from the wells. If no issues are apparent with the data or the physical appearance of the gauges, 
they will be recalibrated every three years, per the manufacturer’s recommendation. 


7.4 Corrosion Monitoring (40 CFR 146.90 (c)) 


To meet the requirements of 40 CFR 146.90 (c), Cleco Power, LLC will monitor well materials 
(Table 7-3) and components during the operational period for loss of mass, thickness, cracking, 
pitting, and other signs of corrosion to ensure that the well components meet the minimum 
standards for material strength and performance. This section presents the procedures that will be 
followed to monitor the corrosion of well materials used in the casing and tubing. For Class VI 
injection wells, corrosion monitoring of the well materials is required on a quarterly basis (40 
CFR 146.90 (c)). 


7.4.1 Monitoring Location and Frequency 


The corrosion coupons will be retrieved and analyzed every three months after the start of 
injection. If the coupons show evidence of corrosion, the injection well itself will be assessed for 
signs of corrosion using well logging techniques such as multi-finger caliper logging or an 
ultrasonic casing evaluation tool.  
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Figure 7-6: Type Corrosion coupon illustration in pipeline (top), types of coupons to be used for 
corrosion monitoring (below) (Cosasco, 2021). 


 


7.5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  


Cleco Power, LLC will monitor groundwater quality and geochemical conditions above the 
confining zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 


7.5.1 Monitoring Location and Frequency 


In addition to the shallow groundwater wells, deep groundwater wells will be drilled as part of 
the Testing and Monitoring Plan for the project. These ACZ wells will be drilled to the top of the 
confining zone and will be drilled adjacent to the injection well to monitor for any CO2 leakage 
or brine migration into the deepest USDW.  


Table 7-4 shows the proposed deep ACZ monitoring methods, depths, and frequencies. In 
addition to the data collected for the Pre-Operational Testing Program (Permit Section 5), fluids 
from the deepest USDW and the top of the confining zone will be sampled twice prior to the start 
of CO2 injection to determine if there is any natural variability in the fluids in these formations.  


Baseline shallow groundwater samples will be collected from the groundwater well network 
within the AoR (Figure 7-1) on a quarterly schedule starting prior to the start of injection to 
characterize the seasonal variations in shallow groundwater quality within the AoR (40 CFR 
146.90 (d)).  
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As a precautionary measure, the fluid sampling frequency for the shallow groundwater 
monitoring wells will also be increased. If the injected CO2 has a unique isotopic signature from 
the existing isotopes in the overlying aquifers, a new round of samples will be collected for 
isotopic analysis from the affected aquifer. Anomalous changes may also trigger the need for 
additional well integrity testing in both the deep monitoring well and the injection well to ensure 
that no well integrity issues have developed since the last set of external MITs.  


7.5.2 Analytical Parameters 


Table 7-5 identifies the geochemical parameters to be monitored and the analytical methods to be 
used on all fluid samples collected from the ACZ well, shallow groundwater wells, and the deep 
monitoring well. Fluid samples collected from these wells will be analyzed for cations, trace 
metals, anions, pH, alkalinity, total dissolved solids (TDS), density, dissolved inorganic carbon, 
and conductivity/resistivity. The cations, anions, TDS, density, and conductivity/resistivity 
provide details of the overall geochemistry of these aquifers. Changes in these parameters during 
the injection phase of the project may provide an indication of CO2 or brine movement above the 
confining layer. While pH and alkalinity may be indicators of CO2 migration above the confining 
layer, the dissolved inorganic carbon analysis could provide direct evidence of CO2 migration 
into these formations. Stable isotopes of C (in dissolved inorganic carbon), O, and H may 
provide an indication of fluid or CO2 migration into the deep ACZ aquifers and may also provide 
information about the origin of any migrating fluids. The presence of Carbon-14 may provide an 
indication of CO2 migration into the deep ACZ aquifers as any naturally occurring Carbon-14 
originally in these aquifers would have decayed long ago.  


The relative benefit of each analytical measurement will be evaluated throughout the design and 
initial injection testing phase of the project to identify the analytes best suited to meeting project 
monitoring objectives under site-specific conditions. If some analytical measurements are shown 
to be of limited use, they will be removed from the analyte list and not carried forward through 
the operational phases of the project. Any modification to the parameter list in Table 7-5 will be 
made in consultation with the UIC Program Director.  


There are no plans to use tracers during operations. However, as the monitoring plan is designed 
to be adaptive as project risks evolve over time, this decision may be re-assessed later. 
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7.7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 


Cleco Power, LLC will perform PFO tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  


PFO testing involves the measurement and analysis of pressure data from a well after it has been 
shut in. PFO tests provide the following information: 


• Confirmation of hydrogeologic reservoir properties such as injectivity and average 
permeability  


• Formation damage (skin) near the wellbore, which can be used to diagnose the need for 
well remediation/rehabilitation  


• Changes in reservoir performance over time, such as long-term pressure buildup in the 
storage formation, that may indicate formation damage  


• Average reservoir pressure that can be used to calibrate modeled predictions of reservoir 
pressure to verify that the operation is responding as modeled/predicted  


7.7.1 Testing Location and Frequency 


PFO testing will be performed in the injection well once every five years during the injection 
operations. However, additional PFO testing may be performed opportunistically if the system is 
shut down for a maintenance event, and the fall-off data may be collected and analyzed. In 
addition, data from these tests can be used to determine the duration of shut in desired for the 
scheduled PFO testing. The scheduled PFO tests will likely be performed during scheduled 
shutdown events to prevent additional system downtime. 


7.7.2 Testing Details 


A PFO test has a period of injection followed by a period of shut in. The bottom-hole pressure is 
then monitored and recorded for sufficient time during both phases of the testing to make a valid 
observation of the pressure fall-off curve. The optimal duration for the shut in periods will be 
determined through the opportunistic PFO test completed prior to the first scheduled PFO. To 
reduce the wellbore storage effects attributable to the pipeline and surface equipment, the well 
will be shut in at the wellhead nearly instantaneously with direct coordination with the injection 
facility operator. The programed injection rate will be maintained for a minimum of one week 
prior to the PFO. Additional data from the month prior to shut in will also be included in the 
analysis of the PFO test. Downhole and wellhead pressure gauges will be used to record and 
monitor bottomhole pressures during the injection period and the fall-off period. Specifications 
for the pressure gauges are provided in the QASP. 


Reservoir pressures will be measured to capture the change in bottom-hole pressure throughout 
the test period; this includes the rapidly changing pressures immediately following cessation of 
injection. The fall-off period will continue until radial flow conditions are observed as indicated 
by stabilization of the surface pressure and the plateau of the pressure derivative curve. The PFO 
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test may also be truncated if boundary effects are encountered or if radial flow conditions are not 
observed. In addition to the radial flow regime, other flow regimes may be observed from the 
PFO test including spherical flow, linear flow, and fracture flow. The shut in period of the PFO 
test is expected to last at least five days, but data collected during the opportunistic PFO test will 
be used to assess the duration of this phase of the test. Analysis of PFO test data will be done 
using transient-pressure analysis techniques that are consistent with EPA guidance for 
conducting PFO tests (EPA, 1998, 2002).  


Pressure gauges that are used for the purpose of the PFO test will be calibrated according to the 
recommendations of the manufacturer and current calibration certificates will be provided with 
the test results to EPA.  


A report containing the PFO data and interpretation of the reservoir ambient pressure will be 
submitted to the permitting agency within 90 days of the test.  


7.8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 


Cleco Power, LLC will employ direct and indirect methods to track the extent of the CO2 plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90 (g).  


7.8.1 Plume Monitoring Location and Frequency 


Table 7-9 presents a summary of the methods that will be used to monitor the location of the CO2 
plume, including the activities, locations, and frequencies. The parameters to be analyzed as part 
of fluid sampling in the injection zone and associated analytical methods are presented in Table 
7-4. The corresponding QA procedures for these methods are presented in the QASP.  


Fluid samples will be obtained for analysis from the injection intervals in accordance with the 
Pre-Operational Testing Plan. The final sampling interval will be determined after the injection 
well has been drilled and the well logs have been analyzed.  


PNC logs will be used to identify difference in reservoir fluids near the wells and will be used to 
aid in monitoring the migration of the injected CO2. PNC logs operate by generating a pulse of 
high energy neutrons, subsequently measuring the neutron decay over time and across a wide 
energy spectrum (Conner et al., 2017). 


Baseline PNC logs will be acquired in the deep monitoring, and ACZ monitoring wells prior to 
the start of CO2 injection and annually during injection. 
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No phased or adaptive monitoring has been planned for the project in terms of expanding the 
monitoring network. However, if the AoR is reassessed over the injection phase of the project, 
the Testing and Monitoring Plan will be reassessed (Permit Section 7).  
 


7.8.4 Pressure-Front Monitoring Details 


Pressure gauges will be placed on the tubing string of the deep monitor well to monitor the 
pressures in the injection formation (Table 7-10). The gauges will be memory-style gauges, such 
as Pioneer Petrotech PPS25 or similar, that would record and store the data within the gauge. 
Refer to the QASP for technical information on the potential pressure/ temperature gauges 
(Appendix 7.A). The gauges will be placed back in the well after the data download.  


The pressure data will be stored as time-stamped data pairs. It is expected that the pressures in 
the injection interval will begin to increase once injection operations begin. These data will be 
used to calibrate the computational modelling results over the injection and PISC phases of the 
project. Calibrating the computational model with pressure and temperature data from the 
storage formation will lead to more accurate predictions of pressure plume behavior over time. 
The AoR and Corrective Action Plan further describes how the pressure and temperature data 
will be used to calibrate the computational modelling, and how it might be used to trigger an 
early reassessment of the AoR (Permit Section 2). 


The proposed microseismic monitoring array will have multiple surface stations. The number 
and physical locations of these stations will be determined using a network design process. Each 
standalone station will likely consist of a seismometer, digitizer, solar panel with battery backup, 
and a cell modem/ antenna. Triggered data will be processed to provide event magnitude and 
location information and results will be reviewed by a data processor and event data will be 
received by the project daily. The event locations will be incorporated in the SEM. Microseismic 
activity will provide qualitative information on the spatial extent of pressure plume over time.   


7.9 Surface Air Monitoring and/or Soil Gas Monitoring  (40 CFR 146.90 (h)) 


The UIC Director may require surface air monitoring and/or soil gas monitoring to 
detect movement of CO2 that could endanger a USDW. 


7.10 Additional Monitoring  (40 CFR 146.90 (i)) 


The UIC Director may require additional monitoring, necessary to support, upgrade, and 
improve computational modeling of the AoR as required under 40 CFR146.84(c) and 40 
CFR144.12. 


7.11 Testing and Monitoring Plan Review  (40 CFR 146.90 (j)) 


Cleco Power, LLC shall periodically review the Testing and Monitoring Plan to incorporate 
monitoring data collected under this subpart, operational data collected as part of injection 
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operations (40 CFR 146.88), and the most recent AoR reevaluation performed (40 CFR 146.84). 
In no case shall Cleco Power, LLC review the Testing and Monitoring Plan less often than once 
every five years. Based on this review, Cleco Power, LLC shall submit an amended Testing and 
Monitoring Plan or demonstrate to the UIC Director that no amendment to the Testing and 
Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be 
approved by the UIC Director, must be incorporated into the permit, and are subject to 
the permit modification requirements pursuant to 40 CFR 144.39 or 40 CFR 144.41, as 
appropriate. Amended plans or demonstrations shall be submitted to the UIC Director as follows: 


(1) Within one year of an AoR reevaluation 


(2) Following any significant changes to the facility, such as addition of monitoring wells or 
newly permitted injection wells within the AoR, on a schedule determined by the UIC Director 


(3) When required by the UIC Director. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







 


Testing and Monitoring Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 36 of 36 


7.12 References 


American Society of Testing and Materials, 2017. Standard Practice for Preparing, Cleaning, and 
Evaluating Corrosion Test Specimens, G1-03. 9 p. 


Atlantic Analytical Laboratory, 2021. https://atlanticanalytical.com/ 


Calvert, R., 2005, Insights and methods for 4D reservoir monitoring and characterization: SEG, 
EAGE/SEG Distinguished Instructor Short Course, no. 8. 


Conner, A. et al. Developing Best Practices for Evaluating Fluid Saturations with Pulsed Neutron 
Capture Logging Across Multiple Active CO2-EOR Fields, Energy Procedia, Volume 114, 2017, 
Pages 3636-3648, ISSN 1876-6102. 


Cosasco, 2021. https://www.cosasco.com/ 


EPA (United States Environmental Protection Agency). 2002. “UIC Pressure Falloff Testing 
Guideline.” EPA Region 6, August 8, Third Revision; http://www.epa.gov/region6/water/ 
swp/uic/guideline.pdf. 


EPA (United States Environmental Protection Agency). 2008. “Determination of Mechanical 
Integrity of Injection Wells.” EPA Region 5, February, 
https://www.epa.gov/sites/default/files/2015-09/documents/r5-deepwell-guidance5-determation-
mechanical-integrity-200802.pdf 


EPA (United States Environmental Protection Agency), 2011. Contract Laboratory Program 
Guidance for Field Samplers, EPA 540-R-09-03. 84 p. 


EPA (United States Environmental Protection Agency), 2013. Geologic Sequestration of Carbon 
Dioxide: Underground Injection Control (UIC) Program Class VI Well Testing and Monitoring 
Guidance, EPA 816-R-13-001. 142 p. 


 


Appendix 7.A Quality Assurance and Surveillance Plan  


The Quality Assurance and Surveillance Plan is presented in a separate document accompanying 
this permit application. 
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7.0 Testing and Monitoring Plan 


7.1 Overall Strategy and Approach for Testing and Monitoring 


This Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with carbon dioxide (CO2) injection into the subsurface 
at this site. Goals of the monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting underground sources of drinking water (USDWs) 
• Ensuring that the injection well is operating as planned. 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support Area of Review (AoR) re-evaluations over the course of the project 
• The Cleco Diamond Vault project is a multi-injection well project. This Testing and 


Monitoring Plan is designed to address the regulatory requirements of monitoring all CO2 
injection wells and the associated combined AoR. 
 


The Testing and Monitoring Plan will be adaptive over time; the plan can be adjusted to respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 7-1 illustrates the AoR at the end of the injection period and the conceptual distribution of 
deep monitor wells, above confining zone wells, and seismicity stations. The AoR and 
Corrective Action Plan, Permit Section 2, (40 CFR 146.84 (b)) describes the data and 
computational techniques used to model the development of the CO2 plume during injection. It 
describes how the static earth model (SEM) was built, incorporating the two-dimensional (2D) 
seismic data. In addition, it explains how the data collected as part of this Testing and 
Monitoring Plan will be used to re-evaluate the AoR over the pre-operational and injection 
phases of the project (40 CFR 146.84 (e)).  


Certain outcomes of the testing and monitoring activities described below may trigger action 
according to the Emergency and Remedial Response Plan, Permit Section 10, (40 CFR 146.94 
(a)). 
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The Testing and Monitoring Plan will utilize several direct and indirect monitoring technologies 
throughout the injection and post-injection site care (PISC) phases of the project that will 
monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW and the deepest 


water-bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan, Permit Section 6, (40 CFR 146.82(a)(8), 
146.87). The water content and chemical composition of the CO2 stream will be monitored 
downstream of the final compression (40 CFR 146.90 (a)). Corrosion coupons composed of the 
same material as the well components and CO2-delivery pipeline will be placed in the delivery 
pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that may be 
indicative of future potential well integrity issues (40 CFR 146.90 (c)).  


Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 
flowrate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 
surface to monitor the cumulative mass of injected CO2 and ensure compliance with the permit 
injection limits. The storage formation injection volume will be calculated using the mass 
flowrate combined with the pressure and temperature conditions in the storage formation. The 
injection volumes will, in turn, be used to update the computational models at regular intervals 
throughout the injection phase of the project. The annular pressure between the tubing and the 
injection casing strings and the annular fluid volumes will also be monitored on a continuous 
basis (40 CFR 146.90 (b)). These data will be linked to a Supervisory Control and Data 
Acquisition (SCADA) system to record the operations data, control injection rates, and initiate 
system shutdown, if required. The SCADA system can also be used to adjust the volume of 
annular fluid, and thereby pressure, in the annular space to meet the operational and regulatory 
objectives. Bottomhole pressure and temperature will be measured continuously until a steady 
state of flow is reached using retrievable pressure sensors to establish a wellhead-to-bottomhole 
pressure correlation that can be used to calculate the reservoir pressure at any time using the 
wellhead pressure data.  
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Figure 7-1: Map of Diamond Vault showing conceptual layout of deep monitor wells, above 
confining zone wells, and seismicity stations with six proposed injection wells and AoR 
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Figure 7-2: Map of proposed injection well CLDV-IW2 
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)). The same internal and external integrity evaluation methods used with the 
injection well will be used on the deep monitoring wells. However, the annular pressure will be 
measured daily and adjusted as needed.  


Pressure fall-off (PFO) tests will be conducted in the injection formation in the stratigraphic test 
well (STW) and injection wells when they are drilled to establish the hydrogeologic 
characteristics of the storage formation (Permit Section 6). During the injection phase of the 
project, a PFO test will be conducted in the injection well at least once every five years. If there 
is an injection pressure increase of more than10%, over a period of one month, compared to the 
computational model, then a PFO test will be conducted sooner (40 CFR 146.90 (f)). The 
objective of the PFO testing is to periodically monitor for any changes in the near wellbore 
environment that would impact injectivity or cause injection pressures to increase. The formation 
characteristics obtained through the PFO testing will be compared to the results from previous 
tests to identify any changes over time and will be used to calibrate the computational models.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). If confirmed, this 
would trigger external well integrity testing of the injection and deep monitoring wells and may 
trigger the emergency response actions found in the Emergency and Remedial Response Plan 
(Permit Section 10). 
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There is an existing, extensive, groundwater monitoring program in place at the facility (Figure 
7-1). A subset of this network will be selected, and supplemented with additional wells, to 
provide the required sampling coverage across the AoR.   


To establish a baseline of the seasonal variation in the aqueous geochemistry of these shallow 
groundwater wells, sampling will be conducted prior to the start of CO2 injection. Throughout 
the injection and PISC phases of the project, the results of the aqueous geochemistry and stable 
isotope analyses will be compared to the baseline conditions for any indication of CO2 or brine 
migration into the shallow groundwater aquifer. If indications of CO2 or brine are found in the 
shallow groundwater aquifer, it will trigger the emergency response actions found in the 
Emergency and Remedial Response Plan (Permit Section 10). 


Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation.  
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Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


The facility is in an area with low rates of seismic activity and risk (Permit Section 1). The 
primary goals of continuous background seismicity monitoring are: 


• Addressing public and stakeholder concerns related to induced seismicity  


• Monitoring the spatial extent of the pressure front from the distribution of seismic events 


• Identifying activity that may indicate failure of the confining zone and possible 
containment loss 


Table 7-1 presents the general schedule and spatial extent for the monitoring activities in the 
baseline and injection phases of the project. Refer to the PISC and Site Closure Plan (Permit 
Section 9) for discussion of the monitoring plans related to the PISC phase. Changes to the 
monitoring schedule may occur over time as the project evolves. For instance, if anomalous 
results are identified in the existing monitoring data, confirmation sampling will be conducted 
within 10 days and additional monitoring data may be acquired through subsequent 
investigations into the anomalous results. Likewise, if the CO2 plume behaves in a stable and 
predictable manner for many years through the injection phase of the project, some monitoring 
may be reduced in frequency. Any such changes to the Testing and Monitoring Plan will be 
made in consultation with the Underground Injection Control (UIC) Program Director (40 CFR 
146.90 (j)).   
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7.1.1 Quality Assurance Procedures 


Data quality assurance and surveillance protocols adopted by the project have been designed to 
facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality assurance 
(QA) requirements for direct measurements within the injection zone, above the confining zone, 
and within the shallow USDW aquifer are described in the Quality Assurance and Surveillance 
Plan (QASP) that is attached to this document (Appendix 7.1). These measurements will be 
performed based on best industry practices and the QA protocols recommended by the service 
contractors selected to perform the work.  


7.1.2 Reporting Procedures 


Cleco Power, LLC will report the results of all testing and monitoring activities to the EPA in 
compliance with the requirements under 40 CFR 146.91. 


7.2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 


Cleco Power, LLC will analyze the CO2 stream during the injection phase of the project to 
provide data representative of its chemical characteristics and to meet the requirements of 40 
CFR 146.90 (a). 


This section describes the measurements and sampling methodologies that will be used to 
monitor the chemical characteristics of the CO2 injection stream. 


7.2.1 Sampling Location and Frequency 


Prior to injection, the CO2 stream will be sampled during regular plant operations to obtain 
representative CO2 samples that will serve as a baseline dataset.  


7.2.2 Analytical Parameters 


The CO2 stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics (40 CFR 146.90(a)). These characteristics include fluid 
composition (i.e., fraction of CO2 and other constituents measured on a volumetric or mass basis 
at a known temperature and pressure), temperature, and pressure, as well as additional 
parameters that may be used for understanding potential interactions between the injectate and 
the formation. 


The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 


and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials.  


Additionally, monitoring the chemical and physical characteristics of the CO2 (e.g., isotopic 
signature, other constituents) may help distinguish the injectate from the native fluids and gases 
in case of a leak. Injectate monitoring is required at a sufficient frequency to detect changes to 
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any physical and chemical properties that may result in a deviation from the permitted 
specifications. 


7.2.3 Sampling Method – CO2 Injection Stream Gases 


Grab samples of the CO2 stream will be obtained for analysis of the components present in the 
injection stream. Samples of the CO2 stream will be collected at a location in the system where 
the material is representative of the material injected (i.e., between the compression system and 
the injection well), using a ¼-inch sampling port in the flowline which are standard fitting sizes 
on double-ended sample cylinders provided by any nationally accredited environmental 
laboratory (Figure 7-3). Quick-connect fittings are attached to the cylinder’s ¼-inch national pipe 
thread (NPT) fittings, and the cylinder is easily connected into the system. The CO2 stream flows 
from the pipeline by opening a ball valve, through a pressure reducer, into the cylinder. The 
pressure regulator will reduce the pressure of the CO2 stream to approximately 250 pounds per 
square inch (psi) so that the CO2 is in the gaseous state when collected rather than a super-critical 
liquid. The three-way valve upstream from the cylinder allows for greater control of the pressure 
in the system. Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to 
sample collection to remove laboratory-added helium gas and ensure a representative sample. 
During purging, the outlet of the sample cylinder will be connected to a ventilation line and 
vented to the atmosphere. Proper sampling technique is critical for any gas analysis program. 
Therefore, great care will be taken to ensure that the cylinder is not contaminated by atmospheric 
gas and the sample is representative of the CO2 in the pipeline. A standard sampling procedure is 
shown below in Figure 7-4. Samples will be shipped to the lab after collection in accordance 
with the standard operating procedures (SOPs) found in Section B2 of the QASP (Appendix 7.1). 
Further details related to sampling methods can be found in Section B2 of the QASP. 


 


 


Figure 7-4: Example of double-ended sample cylinder (Atlantic Analytical Laboratory, 2021). 
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Figure 7-5: Schematic of gas sampling system using a high-pressure cylinder (Atlantic Analytical 
Laboratory, 2021). 


 


7.2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 


A nationally accredited environmental laboratory will analyze the CO2 stream samples. The 
third-party laboratory will follow standard sample handling and chain-of-custody guidance (EPA 
540-R-09-03, or equivalent). Details can be found in the QASP (Appendix 7.A). 
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7.3.2 Monitoring Details 


7.3.2.1 Continuous Recording of Injection Pressure  


The CO2 injection pressure will be monitored on a continuous basis at the wellhead of the 
injection well to ensure that injection pressures do not exceed 90% of the fracture propagation 
pressure of the injection zone (40 CFR 146.88 (a)). Further details are found in the Well 
Operations Plan (Permit Section 6). If injection pressure exceeds 90% of the injection zone 
fracture pressure, then the injection process will be automatically shut down in accordance with 
the Well Operations Program.  


At the start of the injection period two retrievable bottomhole pressure gauges will be deployed 
in the injection well to provide continuous injection pressure measurements. A dynamic flow 
calculation will be made to correlate the wellhead pressure to the bottomhole pressure, and this 
calculation will be used for the initial injection conditions. The bottomhole gauges will be 
removed when a steady state of flow is achieved,  


Any anomalies outside of the normal operating specifications may indicate that an issue has 
occurred with the well, such as a loss of mechanical integrity or blockage in the tubing or may be 
caused by a change in injection flowrate. Anomalous pressure measurements would trigger the 
need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 
injection pressure will also be used to calibrate the computational modeling throughout the 
injection phase of the project.  


The wellhead pressure of the injected CO2 will be continuously measured by an electronic 
pressure transducer with analog output mounted on the CO2 line associated with the injection 
well. The transmitter will be electronically connected to the SCADA system located in the 
Control Building, which can shut down the system or change the flowrate depending on the 
pressures measured at the wellhead. The transducer will be calibrated prior to the start of 
injection operations, and annually thereafter.   


7.3.2.2 Continuous Recording of Injection Mass Flowrate  


The mass flowrate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well. The meter will have an 
analog output (Endress & Hauser Promass-Q or F Series, Micro Motion Coriolis Flow and 
Density Meter Elite Series, or similar). Two flow meters will be supplied; this will provide one 
spare flow meter to allow for flow meter servicing and calibration. The flow meter will be 
connected to the SCADA system for continuous monitoring and control of the CO2 injection rate 
into the well. Using two flow meters will allow confirmation of accurate flow measurements. 
The mass flow meters will be calibrated annually.  
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7.3.2.3 Injection Volume 


The injection volume into the reservoir will be calculated on a continuous basis based on the 
injection mass and the pressure and temperature conditions in the storage formation. The volume 
calculated will be used in the computational models to determine storage formation capacity and 
flow. 


7.3.2.4 Continuous Recording of Annular Pressure 


As described in the Well Operation Plan (Permit Section 6), the pressure on the annulus between 
the injection tubing and the long-string casing will be measured by an electronic pressure 
transducer with analog output, such as a Endress & Hauser pressure transmitter, a Foxboro I/A 
Series® IAP20, or similar, that is mounted on the wing valve/annular fluid line connected to the 
wellhead of the injection well. The transmitter will be connected to the well control system and 
the SCADA system to regulate the annular pressure.  


Annular pressures are expected to vary up to 20% during normal operations due to atmospheric 
and CO2 stream temperature fluctuations. The annular pressure gauge will be calibrated annually, 
and the transducer will be recalibrated according to the manufacturer’s recommendations.  


7.3.2.5 Continuous Recording of Annulus Fluid Volume 


As described in the Well Operation Plan (Permit Section 6), the volume of the annulus fluid 
between the injection tubing and the long-string casing will be measured using the accumulator 
levels and the brine reservoir level on the well control system. The accumulator levels will be 
measured using a level transmitter (Endress & Hauser level device, a Temposonics linear-
position sensor R-series Model RH or equivalent). The brine reservoir level will be measured 
using a level transmitter (Omega LVCN414 series or equivalent). The transmitters will be 
connected to the well control system and to the SCADA system.  


The annular fluid volume is expected to fluctuate as atmospheric and injection stream 
temperatures change. These changes are expected to be most dramatic during startup and 
shutdown operations.  


7.3.2.6 Continuous Recording of CO2 Stream Temperature 


The temperature of the CO2 injection stream will be continuously measured using an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The transmitter will be calibrated prior to the start of injection 
operations and calibrated annually. The thermocouple for measuring surface injection 
temperature will be recalibrated annually or it will be replaced with a calibrated thermocouple. 
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7.3.2.7 Bottomhole Pressure and Temperature 


Bottomhole pressure and temperature will be monitored prior to and during injection until steady 
state of flow is reached. The downhole pressure data will be used to establish a correlation 
between the storage formation pressure and the wellhead pressure for more accurate estimates of 
downhole pressure throughout injection. These data will also be used with the mass flowrate to 
calculate the volume injection rate of the CO2 into the reservoir.  


Two retrievable electronic pressure/temperature gauges, such as Pioneer Petrotech Services 
Model PPS25, or similar, will be set on a plug at the bottom of the tubing string. The gauges can 
record and store 1,000,000 sets of pressure/temperature data points. They will be recovered from 
the well via slickline and the data downloaded. Two gauges are used to confirm consistent 
measurements and provide backup if required. First, the relationship between wellhead pressure 
and formation pressure will be defined. Then this will be used as a point of compliance for 
maintaining injection pressure below 90% of formation fracture propagation pressure as per 40 
CFR 146.88 (a). The downhole pressure and temperature data will also be used to calibrate the 
dynamic model.  


The pressure/temperature gauges will be checked for visible damage each time they are removed 
from the wells. If no issues are apparent with the data or the physical appearance of the gauges, 
they will be recalibrated every three years, per the manufacturer’s recommendation. 


7.4 Corrosion Monitoring (40 CFR 146.90 (c)) 


To meet the requirements of 40 CFR 146.90 (c), Cleco Power, LLC will monitor well materials 
(Table 7-3) and components during the operational period for loss of mass, thickness, cracking, 
pitting, and other signs of corrosion to ensure that the well components meet the minimum 
standards for material strength and performance. This section presents the procedures that will be 
followed to monitor the corrosion of well materials used in the casing and tubing. For Class VI 
injection wells, corrosion monitoring of the well materials is required on a quarterly basis (40 
CFR 146.90 (c)). 


7.4.1 Monitoring Location and Frequency 


The corrosion coupons will be retrieved and analyzed every three months after the start of 
injection. If the coupons show evidence of corrosion, the injection well itself will be assessed for 
signs of corrosion using well logging techniques such as multi-finger caliper logging or an 
ultrasonic casing evaluation tool.  


 


 


 











 


Testing and Monitoring Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 23 of 36 


 


Figure 7-6: Type Corrosion coupon illustration in pipeline (top), types of coupons to be used for 
corrosion monitoring (below) (Cosasco, 2021). 


 


7.5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  


Cleco Power, LLC will monitor groundwater quality and geochemical conditions above the 
confining zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 


7.5.1 Monitoring Location and Frequency 


In addition to the shallow groundwater wells, deep groundwater wells will be drilled as part of 
the Testing and Monitoring Plan for the project. These ACZ wells will be drilled to the top of the 
confining zone and will be drilled adjacent to the injection well to monitor for any CO2 leakage 
or brine migration into the deepest USDW.  


Table 7-4 shows the proposed deep ACZ monitoring methods, depths, and frequencies. In 
addition to the data collected for the Pre-Operational Testing Program (Permit Section 5), fluids 
from the deepest USDW and the top of the confining zone will be sampled twice prior to the start 
of CO2 injection to determine if there is any natural variability in the fluids in these formations.  


Baseline shallow groundwater samples will be collected from the groundwater well network 
within the AoR (Figure 7-1) on a quarterly schedule starting prior to the start of injection to 
characterize the seasonal variations in shallow groundwater quality within the AoR (40 CFR 
146.90 (d)).  
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As a precautionary measure, the fluid sampling frequency for the shallow groundwater 
monitoring wells will also be increased. If the injected CO2 has a unique isotopic signature from 
the existing isotopes in the overlying aquifers, a new round of samples will be collected for 
isotopic analysis from the affected aquifer. Anomalous changes may also trigger the need for 
additional well integrity testing in both the deep monitoring well and the injection well to ensure 
that no well integrity issues have developed since the last set of external MITs.  


7.5.2 Analytical Parameters 


Table 7-5 identifies the geochemical parameters to be monitored and the analytical methods to be 
used on all fluid samples collected from the ACZ well, shallow groundwater wells, and the deep 
monitoring well. Fluid samples collected from these wells will be analyzed for cations, trace 
metals, anions, pH, alkalinity, total dissolved solids (TDS), density, dissolved inorganic carbon, 
and conductivity/resistivity. The cations, anions, TDS, density, and conductivity/resistivity 
provide details of the overall geochemistry of these aquifers. Changes in these parameters during 
the injection phase of the project may provide an indication of CO2 or brine movement above the 
confining layer. While pH and alkalinity may be indicators of CO2 migration above the confining 
layer, the dissolved inorganic carbon analysis could provide direct evidence of CO2 migration 
into these formations. Stable isotopes of C (in dissolved inorganic carbon), O, and H may 
provide an indication of fluid or CO2 migration into the deep ACZ aquifers and may also provide 
information about the origin of any migrating fluids. The presence of Carbon-14 may provide an 
indication of CO2 migration into the deep ACZ aquifers as any naturally occurring Carbon-14 
originally in these aquifers would have decayed long ago.  


The relative benefit of each analytical measurement will be evaluated throughout the design and 
initial injection testing phase of the project to identify the analytes best suited to meeting project 
monitoring objectives under site-specific conditions. If some analytical measurements are shown 
to be of limited use, they will be removed from the analyte list and not carried forward through 
the operational phases of the project. Any modification to the parameter list in Table 7-5 will be 
made in consultation with the UIC Program Director.  


There are no plans to use tracers during operations. However, as the monitoring plan is designed 
to be adaptive as project risks evolve over time, this decision may be re-assessed later. 
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7.7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 


Cleco Power, LLC will perform PFO tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  


PFO testing involves the measurement and analysis of pressure data from a well after it has been 
shut in. PFO tests provide the following information: 


• Confirmation of hydrogeologic reservoir properties such as injectivity and average 
permeability  


• Formation damage (skin) near the wellbore, which can be used to diagnose the need for 
well remediation/rehabilitation  


• Changes in reservoir performance over time, such as long-term pressure buildup in the 
storage formation, that may indicate formation damage  


• Average reservoir pressure that can be used to calibrate modeled predictions of reservoir 
pressure to verify that the operation is responding as modeled/predicted  


7.7.1 Testing Location and Frequency 


PFO testing will be performed in the injection well once every five years during the injection 
operations. However, additional PFO testing may be performed opportunistically if the system is 
shut down for a maintenance event, and the fall-off data may be collected and analyzed. In 
addition, data from these tests can be used to determine the duration of shut in desired for the 
scheduled PFO testing. The scheduled PFO tests will likely be performed during scheduled 
shutdown events to prevent additional system downtime. 


7.7.2 Testing Details 


A PFO test has a period of injection followed by a period of shut in. The bottom-hole pressure is 
then monitored and recorded for sufficient time during both phases of the testing to make a valid 
observation of the pressure fall-off curve. The optimal duration for the shut in periods will be 
determined through the opportunistic PFO test completed prior to the first scheduled PFO. To 
reduce the wellbore storage effects attributable to the pipeline and surface equipment, the well 
will be shut in at the wellhead nearly instantaneously with direct coordination with the injection 
facility operator. The programed injection rate will be maintained for a minimum of one week 
prior to the PFO. Additional data from the month prior to shut in will also be included in the 
analysis of the PFO test. Downhole and wellhead pressure gauges will be used to record and 
monitor bottomhole pressures during the injection period and the fall-off period. Specifications 
for the pressure gauges are provided in the QASP. 


Reservoir pressures will be measured to capture the change in bottom-hole pressure throughout 
the test period; this includes the rapidly changing pressures immediately following cessation of 
injection. The fall-off period will continue until radial flow conditions are observed as indicated 
by stabilization of the surface pressure and the plateau of the pressure derivative curve. The PFO 
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test may also be truncated if boundary effects are encountered or if radial flow conditions are not 
observed. In addition to the radial flow regime, other flow regimes may be observed from the 
PFO test including spherical flow, linear flow, and fracture flow. The shut in period of the PFO  
test is expected to last at least five days, but data collected during the opportunistic PFO test will 
be used to assess the duration of this phase of the test. Analysis of PFO test data will be done 
using transient-pressure analysis techniques that are consistent with EPA guidance for 
conducting PFO tests (EPA, 1998, 2002).  


Pressure gauges that are used for the purpose of the PFO test will be calibrated according to the 
recommendations of the manufacturer and current calibration certificates will be provided with 
the test results to EPA.  


A report containing the PFO data and interpretation of the reservoir ambient pressure will be 
submitted to the permitting agency within 90 days of the test.  


7.8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 


Cleco Power, LLC will employ direct and indirect methods to track the extent of the CO2 plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90 (g).  


7.8.1 Plume Monitoring Location and Frequency 


Table 7-9 presents a summary of the methods that will be used to monitor the location of the CO2 
plume, including the activities, locations, and frequencies. The parameters to be analyzed as part 
of fluid sampling in the injection zone and associated analytical methods are presented in Table 
7-4. The corresponding QA procedures for these methods are presented in the QASP.  


Fluid samples will be obtained for analysis from the injection intervals in accordance with the 
Pre-Operational Testing Plan. The final sampling interval will be determined after the injection 
well has been drilled and the well logs have been analyzed.  


PNC logs will be used to identify difference in reservoir fluids near the wells and will be used to 
aid in monitoring the migration of the injected CO2. PNC logs operate by generating a pulse of 
high energy neutrons, subsequently measuring the neutron decay over time and across a wide 
energy spectrum (Conner et al., 2017). 


Baseline PNC logs will be acquired in the deep monitoring, and ACZ monitoring wells prior to 
the start of CO2 injection and annually during injection. 
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No phased or adaptive monitoring has been planned for the project in terms of expanding the 
monitoring network. However, if the AoR is reassessed over the injection phase of the project, 
the Testing and Monitoring Plan will be reassessed (Permit Section 7).  
 


7.8.4 Pressure-Front Monitoring Details 


Pressure gauges will be placed on the tubing string of the deep monitor well to monitor the 
pressures in the injection formation (Table 7-10). The gauges will be memory-style gauges, such 
as Pioneer Petrotech PPS25 or similar, that would record and store the data within the gauge. 
Refer to the QASP for technical information on the potential pressure/ temperature gauges 
(Appendix 7.A). The gauges will be placed back in the well after the data download.  


The pressure data will be stored as time-stamped data pairs. It is expected that the pressures in 
the injection interval will begin to increase once injection operations begin. These data will be 
used to calibrate the computational modelling results over the injection and PISC phases of the 
project. Calibrating the computational model with pressure and temperature data from the 
storage formation will lead to more accurate predictions of pressure plume behavior over time. 
The AoR and Corrective Action Plan further describes how the pressure and temperature data 
will be used to calibrate the computational modelling, and how it might be used to trigger an 
early reassessment of the AoR (Permit Section 2). 


The proposed microseismic monitoring array will have multiple surface stations. The number 
and physical locations of these stations will be determined using a network design process. Each 
standalone station will likely consist of a seismometer, digitizer, solar panel with battery backup, 
and a cell modem/ antenna. Triggered data will be processed to provide event magnitude and 
location information and results will be reviewed by a data processor and event data will be 
received by the project daily. The event locations will be incorporated in the SEM. Microseismic 
activity will provide qualitative information on the spatial extent of pressure plume over time.   


7.9 Surface Air Monitoring and/or Soil Gas Monitoring  (40 CFR 146.90 (h)) 


The UIC Director may require surface air monitoring and/or soil gas monitoring to 
detect movement of CO2 that could endanger a USDW. 


7.10 Additional Monitoring  (40 CFR 146.90 (i)) 


The UIC Director may require additional monitoring, necessary to support, upgrade, and 
improve computational modeling of the AoR as required under 40 CFR146.84(c) and 40 
CFR144.12. 


7.11 Testing and Monitoring Plan Review  (40 CFR 146.90 (j)) 


Cleco Power, LLC shall periodically review the Testing and Monitoring Plan to incorporate 
monitoring data collected under this subpart, operational data collected as part of injection 
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operations (40 CFR 146.88), and the most recent AoR reevaluation performed (40 CFR 146.84). 
In no case shall Cleco Power, LLC review the Testing and Monitoring Plan less often than once 
every five years. Based on this review, Cleco Power, LLC shall submit an amended Testing and 
Monitoring Plan or demonstrate to the UIC Director that no amendment to the Testing and 
Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be 
approved by the UIC Director, must be incorporated into the permit, and are subject to 
the permit modification requirements pursuant to 40 CFR 144.39 or 40 CFR 144.41, as 
appropriate. Amended plans or demonstrations shall be submitted to the UIC Director as follows: 


(1) Within one year of an AoR reevaluation 


(2) Following any significant changes to the facility, such as addition of monitoring wells or 
newly permitted injection wells within the AoR, on a schedule determined by the UIC Director 


(3) When required by the UIC Director. 
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Appendix 7.A Quality Assurance and Surveillance Plan  


The Quality Assurance and Surveillance Plan is presented in a separate document accompanying 
this permit application. 
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7.0 Testing and Monitoring Plan 


7.1 Overall Strategy and Approach for Testing and Monitoring 


This Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with carbon dioxide (CO2) injection into the subsurface 
at this site. Goals of the monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting underground sources of drinking water (USDWs) 
• Ensuring that the injection well is operating as planned. 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support Area of Review (AoR) re-evaluations over the course of the project 
• The Cleco Diamond Vault project is a multi-injection well project. This Testing and 


Monitoring Plan is designed to address the regulatory requirements of monitoring all CO2 
injection wells and the associated combined AoR. 
 


The Testing and Monitoring Plan will be adaptive over time; the plan can be adjusted to respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 7-1 illustrates the AoR at the end of the injection period and the conceptual distribution of 
deep monitor wells, above confining zone wells, and seismicity stations. The AoR and 
Corrective Action Plan, Permit Section 2, (40 CFR 146.84 (b)) describes the data and 
computational techniques used to model the development of the CO2 plume during injection. It 
describes how the static earth model (SEM) was built, incorporating the two-dimensional (2D) 
seismic data. In addition, it explains how the data collected as part of this Testing and 
Monitoring Plan will be used to re-evaluate the AoR over the pre-operational and injection 
phases of the project (40 CFR 146.84 (e)).  


Certain outcomes of the testing and monitoring activities described below may trigger action 
according to the Emergency and Remedial Response Plan, Permit Section 10, (40 CFR 146.94 
(a)). 
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The Testing and Monitoring Plan will utilize several direct and indirect monitoring technologies 
throughout the injection and post-injection site care (PISC) phases of the project that will 
monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW and the deepest 


water-bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan, Permit Section 6, (40 CFR 146.82(a)(8), 
146.87). The water content and chemical composition of the CO2 stream will be monitored 
downstream of the final compression (40 CFR 146.90 (a)). Corrosion coupons composed of the 
same material as the well components and CO2-delivery pipeline will be placed in the delivery 
pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that may be 
indicative of future potential well integrity issues (40 CFR 146.90 (c)).  


Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 
flowrate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 
surface to monitor the cumulative mass of injected CO2 and ensure compliance with the permit 
injection limits. The storage formation injection volume will be calculated using the mass 
flowrate combined with the pressure and temperature conditions in the storage formation. The 
injection volumes will, in turn, be used to update the computational models at regular intervals 
throughout the injection phase of the project. The annular pressure between the tubing and the 
injection casing strings and the annular fluid volumes will also be monitored on a continuous 
basis (40 CFR 146.90 (b)). These data will be linked to a Supervisory Control and Data 
Acquisition (SCADA) system to record the operations data, control injection rates, and initiate 
system shutdown, if required. The SCADA system can also be used to adjust the volume of 
annular fluid, and thereby pressure, in the annular space to meet the operational and regulatory 
objectives. Bottomhole pressure and temperature will be measured continuously until a steady 
state of flow is reached using retrievable pressure sensors to establish a wellhead-to-bottomhole 
pressure correlation that can be used to calculate the reservoir pressure at any time using the 
wellhead pressure data.  
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Figure 7-1: Map of Diamond Vault showing conceptual layout of deep monitor wells, above 
confining zone wells, and seismicity stations with six proposed injection wells and AoR 
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Figure 7-2: Map of proposed injection well CLDV-IW3 
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)). The same internal and external integrity evaluation methods used with the 
injection well will be used on the deep monitoring wells. However, the annular pressure will be 
measured daily and adjusted as needed.  


Pressure fall-off (PFO) tests will be conducted in the injection formation in the stratigraphic test 
well (STW) and injection wells when they are drilled to establish the hydrogeologic 
characteristics of the storage formation (Permit Section 6). During the injection phase of the 
project, a PFO test will be conducted in the injection well at least once every five years. If there 
is an injection pressure increase of more than 10% over a period of one month, compared to the 
computational model, then a PFO test will be conducted sooner (40 CFR 146.90 (f)). The 
objective of the PFO testing is to periodically monitor for any changes in the near wellbore 
environment that would impact injectivity or cause injection pressures to increase. The formation 
characteristics obtained through the PFO testing will be compared to the results from previous 
tests to identify any changes over time and will be used to calibrate the computational models.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). If confirmed, this 
would trigger external well integrity testing of the injection and deep monitoring wells and may 
trigger the emergency response actions found in the Emergency and Remedial Response Plan 
(Permit Section 10). 
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There is an existing, extensive, groundwater monitoring program in place at the facility (Figure 
7-1). A subset of this network will be selected, and supplemented with additional wells, to 
provide the required sampling coverage across the AoR.   


To establish a baseline of the seasonal variation in the aqueous geochemistry of these shallow 
groundwater wells, sampling will be conducted prior to the start of CO2 injection. Throughout 
the injection and PISC phases of the project, the results of the aqueous geochemistry and stable 
isotope analyses will be compared to the baseline conditions for any indication of CO2 or brine 
migration into the shallow groundwater aquifer. If indications of CO2 or brine are found in the 
shallow groundwater aquifer, it will trigger the emergency response actions found in the 
Emergency and Remedial Response Plan (Permit Section 10). 


Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation.  
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Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


The facility is in an area with low rates of seismic activity and risk (Permit Section 1). The 
primary goals of continuous background seismicity monitoring are: 


• Addressing public and stakeholder concerns related to induced seismicity  


• Monitoring the spatial extent of the pressure front from the distribution of seismic events 


• Identifying activity that may indicate failure of the confining zone and possible 
containment loss 


Table 7-1 presents the general schedule and spatial extent for the monitoring activities in the 
baseline and injection phases of the project. Refer to the PISC and Site Closure Plan (Permit 
Section 9) for discussion of the monitoring plans related to the PISC phase. Changes to the 
monitoring schedule may occur over time as the project evolves. For instance, if anomalous 
results are identified in the existing monitoring data, confirmation sampling will be conducted 
within 10 days and additional monitoring data may be acquired through subsequent 
investigations into the anomalous results. Likewise, if the CO2 plume behaves in a stable and 
predictable manner for many years through the injection phase of the project, some monitoring 
may be reduced in frequency. Any such changes to the Testing and Monitoring Plan will be 
made in consultation with the Underground Injection Control (UIC) Program Director (40 CFR 
146.90 (j)).   
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7.1.1 Quality Assurance Procedures 


Data quality assurance and surveillance protocols adopted by the project have been designed to 
facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality assurance 
(QA) requirements for direct measurements within the injection zone, above the confining zone, 
and within the shallow USDW aquifer are described in the Quality Assurance and Surveillance 
Plan (QASP) that is attached to this document (Appendix 7.1). These measurements will be 
performed based on best industry practices and the QA protocols recommended by the service 
contractors selected to perform the work.  


7.1.2 Reporting Procedures 


Cleco Power, LLC will report the results of all testing and monitoring activities to the EPA in 
compliance with the requirements under 40 CFR 146.91. 


7.2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 


Cleco Power, LLC will analyze the CO2 stream during the injection phase of the project to 
provide data representative of its chemical characteristics and to meet the requirements of 40 
CFR 146.90 (a). 


This section describes the measurements and sampling methodologies that will be used to 
monitor the chemical characteristics of the CO2 injection stream. 


7.2.1 Sampling Location and Frequency 


Prior to injection, the CO2 stream will be sampled during regular plant operations to obtain 
representative CO2 samples that will serve as a baseline dataset.  


7.2.2 Analytical Parameters 


The CO2 stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics (40 CFR 146.90(a)). These characteristics include fluid 
composition (i.e., fraction of CO2 and other constituents measured on a volumetric or mass basis 
at a known temperature and pressure), temperature, and pressure, as well as additional 
parameters that may be used for understanding potential interactions between the injectate and 
the formation. 


The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 


and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials.  


Additionally, monitoring the chemical and physical characteristics of the CO2 (e.g., isotopic 
signature, other constituents) may help distinguish the injectate from the native fluids and gases 
in case of a leak. Injectate monitoring is required at a sufficient frequency to detect changes to 
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any physical and chemical properties that may result in a deviation from the permitted 
specifications. 


7.2.3 Sampling Method – CO2 Injection Stream Gases 


Grab samples of the CO2 stream will be obtained for analysis of the components present in the 
injection stream. Samples of the CO2 stream will be collected at a location in the system where 
the material is representative of the material injected (i.e., between the compression system and 
the injection well), using a ¼-inch sampling port in the flowline which are standard fitting sizes 
on double-ended sample cylinders provided by any nationally accredited environmental 
laboratory (Figure 7-3). Quick-connect fittings are attached to the cylinder’s ¼-inch national pipe 
thread (NPT) fittings, and the cylinder is easily connected into the system. The CO2 stream flows 
from the pipeline by opening a ball valve, through a pressure reducer, into the cylinder. The 
pressure regulator will reduce the pressure of the CO2 stream to approximately 250 pounds per 
square inch (psi) so that the CO2 is in the gaseous state when collected rather than a super-critical 
liquid. The three-way valve upstream from the cylinder allows for greater control of the pressure 
in the system. Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to 
sample collection to remove laboratory-added helium gas and ensure a representative sample. 
During purging, the outlet of the sample cylinder will be connected to a ventilation line and 
vented to the atmosphere. Proper sampling technique is critical for any gas analysis program. 
Therefore, great care will be taken to ensure that the cylinder is not contaminated by atmospheric 
gas and the sample is representative of the CO2 in the pipeline. A standard sampling procedure is 
shown below in Figure 7-4. Samples will be shipped to the lab after collection in accordance 
with the standard operating procedures (SOPs) found in Section B2 of the QASP (Appendix 7.1). 
Further details related to sampling methods can be found in Section B2 of the QASP. 


 


 


Figure 7-4: Example of double-ended sample cylinder (Atlantic Analytical Laboratory, 2021). 
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Figure 7-5: Schematic of gas sampling system using a high-pressure cylinder (Atlantic Analytical 
Laboratory, 2021). 


 


7.2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 


A nationally accredited environmental laboratory will analyze the CO2 stream samples. The 
third-party laboratory will follow standard sample handling and chain-of-custody guidance (EPA 
540-R-09-03, or equivalent). Details can be found in the QASP (Appendix 7.A). 
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7.3.2 Monitoring Details 


7.3.2.1 Continuous Recording of Injection Pressure  


The CO2 injection pressure will be monitored on a continuous basis at the wellhead of the 
injection well to ensure that injection pressures do not exceed 90% of the fracture propagation 
pressure of the injection zone (40 CFR 146.88 (a)). Further details are found in the Well 
Operations Plan (Permit Section 6). If injection pressure exceeds 90% of the injection zone 
fracture pressure, then the injection process will be automatically shut down in accordance with 
the Well Operations Program.  


At the start of the injection period two retrievable bottomhole pressure gauges will be deployed 
in the injection well to provide continuous injection pressure measurements. A dynamic flow 
calculation will be made to correlate the wellhead pressure to the bottomhole pressure, and this 
calculation will be used for the initial injection conditions. The bottomhole gauges will be 
removed when a steady state of flow is achieved,  


Any anomalies outside of the normal operating specifications may indicate that an issue has 
occurred with the well, such as a loss of mechanical integrity or blockage in the tubing or may be 
caused by a change in injection flowrate. Anomalous pressure measurements would trigger the 
need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 
injection pressure will also be used to calibrate the computational modeling throughout the 
injection phase of the project.  


The wellhead pressure of the injected CO2 will be continuously measured by an electronic 
pressure transducer with analog output mounted on the CO2 line associated with the injection 
well. The transmitter will be electronically connected to the SCADA system located in the 
Control Building, which can shut down the system or change the flowrate depending on the 
pressures measured at the wellhead. The transducer will be calibrated prior to the start of 
injection operations, and annually thereafter.   


7.3.2.2 Continuous Recording of Injection Mass Flowrate  


The mass flowrate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well. The meter will have an 
analog output (Endress & Hauser Promass-Q or F Series, Micro Motion Coriolis Flow and 
Density Meter Elite Series, or similar). Two flow meters will be supplied; this will provide one 
spare flow meter to allow for flow meter servicing and calibration. The flow meter will be 
connected to the SCADA system for continuous monitoring and control of the CO2 injection rate 
into the well. Using two flow meters will allow confirmation of accurate flow measurements. 
The mass flow meters will be calibrated annually.  
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7.3.2.3 Injection Volume 


The injection volume into the reservoir will be calculated on a continuous basis based on the 
injection mass and the pressure and temperature conditions in the storage formation. The volume 
calculated will be used in the computational models to determine storage formation capacity and 
flow. 


7.3.2.4 Continuous Recording of Annular Pressure 


As described in the Well Operation Plan (Permit Section 6), the pressure on the annulus between 
the injection tubing and the long-string casing will be measured by an electronic pressure 
transducer with analog output, such as a Endress & Hauser pressure transmitter, a Foxboro I/A 
Series® IAP20, or similar, that is mounted on the wing valve/annular fluid line connected to the 
wellhead of the injection well. The transmitter will be connected to the well control system and 
the SCADA system to regulate the annular pressure.  


Annular pressures are expected to vary up to 20% during normal operations due to atmospheric 
and CO2 stream temperature fluctuations. The annular pressure gauge will be calibrated annually, 
and the transducer will be recalibrated according to the manufacturer’s recommendations.  


7.3.2.5 Continuous Recording of Annulus Fluid Volume 


As described in the Well Operation Plan (Permit Section 6), the volume of the annulus fluid 
between the injection tubing and the long-string casing will be measured using the accumulator 
levels and the brine reservoir level on the well control system. The accumulator levels will be 
measured using a level transmitter (Endress & Hauser level device, a Temposonics linear-
position sensor R-series Model RH or equivalent). The brine reservoir level will be measured 
using a level transmitter (Omega LVCN414 series or equivalent). The transmitters will be 
connected to the well control system and to the SCADA system.  


The annular fluid volume is expected to fluctuate as atmospheric and injection stream 
temperatures change. These changes are expected to be most dramatic during startup and 
shutdown operations.  


7.3.2.6 Continuous Recording of CO2 Stream Temperature 


The temperature of the CO2 injection stream will be continuously measured using an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The transmitter will be calibrated prior to the start of injection 
operations and calibrated annually. The thermocouple for measuring surface injection 
temperature will be recalibrated annually or it will be replaced with a calibrated thermocouple. 
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7.3.2.7 Bottomhole Pressure and Temperature 


Bottomhole pressure and temperature will be monitored prior to and during injection until steady 
state of flow is reached. The downhole pressure data will be used to establish a correlation 
between the storage formation pressure and the wellhead pressure for more accurate estimates of 
downhole pressure throughout injection. These data will also be used with the mass flowrate to 
calculate the volume injection rate of the CO2 into the reservoir.  


Two retrievable electronic pressure/temperature gauges, such as Pioneer Petrotech Services 
Model PPS25, or similar, will be set on a plug at the bottom of the tubing string. The gauges can 
record and store 1,000,000 sets of pressure/temperature data points. They will be recovered from 
the well via slickline and the data downloaded. Two gauges are used to confirm consistent 
measurements and provide backup if required. First, the relationship between wellhead pressure 
and formation pressure will be defined. Then this will be used as a point of compliance for 
maintaining injection pressure below 90% of formation fracture propagation pressure as per 40 
CFR 146.88 (a). The downhole pressure and temperature data will also be used to calibrate the 
dynamic model.  


The pressure/temperature gauges will be checked for visible damage each time they are removed 
from the wells. If no issues are apparent with the data or the physical appearance of the gauges, 
they will be recalibrated every three years, per the manufacturer’s recommendation. 


7.4 Corrosion Monitoring (40 CFR 146.90 (c)) 


To meet the requirements of 40 CFR 146.90 (c), Cleco Power, LLC will monitor well materials 
(Table 7-3) and components during the operational period for loss of mass, thickness, cracking, 
pitting, and other signs of corrosion to ensure that the well components meet the minimum 
standards for material strength and performance. This section presents the procedures that will be 
followed to monitor the corrosion of well materials used in the casing and tubing. For Class VI 
injection wells, corrosion monitoring of the well materials is required on a quarterly basis (40 
CFR 146.90 (c)). 


7.4.1 Monitoring Location and Frequency 


The corrosion coupons will be retrieved and analyzed every three months after the start of 
injection. If the coupons show evidence of corrosion, the injection well itself will be assessed for 
signs of corrosion using well logging techniques such as multi-finger caliper logging or an 
ultrasonic casing evaluation tool.  
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Figure 7-6: Type Corrosion coupon illustration in pipeline (top), types of coupons to be used for 
corrosion monitoring (below) (Cosasco, 2021). 


 


7.5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  


Cleco Power, LLC will monitor groundwater quality and geochemical conditions above the 
confining zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 


7.5.1 Monitoring Location and Frequency 


In addition to the shallow groundwater wells, deep groundwater wells will be drilled as part of 
the Testing and Monitoring Plan for the project. These ACZ wells will be drilled to the top of the 
confining zone and will be drilled adjacent to the injection well to monitor for any CO2 leakage 
or brine migration into the deepest USDW.  


Table 7-4 shows the proposed deep ACZ monitoring methods, depths, and frequencies. In 
addition to the data collected for the Pre-Operational Testing Program (Permit Section 5), fluids 
from the deepest USDW and the top of the confining zone will be sampled twice prior to the start 
of CO2 injection to determine if there is any natural variability in the fluids in these formations.  


Baseline shallow groundwater samples will be collected from the groundwater well network 
within the AoR (Figure 7-1) on a quarterly schedule starting prior to the start of injection to 
characterize the seasonal variations in shallow groundwater quality within the AoR (40 CFR 
146.90 (d)).  
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As a precautionary measure, the fluid sampling frequency for the shallow groundwater 
monitoring wells will also be increased. If the injected CO2 has a unique isotopic signature from 
the existing isotopes in the overlying aquifers, a new round of samples will be collected for 
isotopic analysis from the affected aquifer. Anomalous changes may also trigger the need for 
additional well integrity testing in both the deep monitoring well and the injection well to ensure 
that no well integrity issues have developed since the last set of external MITs.  


7.5.2 Analytical Parameters 


Table 7-5 identifies the geochemical parameters to be monitored and the analytical methods to be 
used on all fluid samples collected from the ACZ well, shallow groundwater wells, and the deep 
monitoring well. Fluid samples collected from these wells will be analyzed for cations, trace 
metals, anions, pH, alkalinity, total dissolved solids (TDS), density, dissolved inorganic carbon, 
and conductivity/resistivity. The cations, anions, TDS, density, and conductivity/resistivity 
provide details of the overall geochemistry of these aquifers. Changes in these parameters during 
the injection phase of the project may provide an indication of CO2 or brine movement above the 
confining layer. While pH and alkalinity may be indicators of CO2 migration above the confining 
layer, the dissolved inorganic carbon analysis could provide direct evidence of CO2 migration 
into these formations. Stable isotopes of C (in dissolved inorganic carbon), O, and H may 
provide an indication of fluid or CO2 migration into the deep ACZ aquifers and may also provide 
information about the origin of any migrating fluids. The presence of Carbon-14 may provide an 
indication of CO2 migration into the deep ACZ aquifers as any naturally occurring Carbon-14 
originally in these aquifers would have decayed long ago.  


The relative benefit of each analytical measurement will be evaluated throughout the design and 
initial injection testing phase of the project to identify the analytes best suited to meeting project 
monitoring objectives under site-specific conditions. If some analytical measurements are shown 
to be of limited use, they will be removed from the analyte list and not carried forward through 
the operational phases of the project. Any modification to the parameter list in Table 7-5 will be 
made in consultation with the UIC Program Director.  


There are no plans to use tracers during operations. However, as the monitoring plan is designed 
to be adaptive as project risks evolve over time, this decision may be re-assessed later. 
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7.7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 


Cleco Power, LLC will perform PFO tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  


PFO testing involves the measurement and analysis of pressure data from a well after it has been 
shut in. PFO tests provide the following information: 


• Confirmation of hydrogeologic reservoir properties such as injectivity and average 
permeability  


• Formation damage (skin) near the wellbore, which can be used to diagnose the need for 
well remediation/rehabilitation  


• Changes in reservoir performance over time, such as long-term pressure buildup in the 
storage formation, that may indicate formation damage  


• Average reservoir pressure that can be used to calibrate modeled predictions of reservoir 
pressure to verify that the operation is responding as modeled/predicted  


7.7.1 Testing Location and Frequency 


PFO testing will be performed in the injection well once every five years during the injection 
operations. However, additional PFO testing may be performed opportunistically if the system is 
shut down for a maintenance event, and the fall-off data may be collected and analyzed. In 
addition, data from these tests can be used to determine the duration of shut in desired for the 
scheduled PFO testing. The scheduled PFO tests will likely be performed during scheduled 
shutdown events to prevent additional system downtime. 


7.7.2 Testing Details 


A PFO test has a period of injection followed by a period of shut in. The bottom-hole pressure is 
then monitored and recorded for sufficient time during both phases of the testing to make a valid 
observation of the pressure fall-off curve. The optimal duration for the shut in periods will be 
determined through the opportunistic PFO test completed prior to the first scheduled PFO. To 
reduce the wellbore storage effects attributable to the pipeline and surface equipment, the well 
will be shut in at the wellhead nearly instantaneously with direct coordination with the injection 
facility operator. The programed injection rate will be maintained for a minimum of one week 
prior to the PFO. Additional data from the month prior to shut in will also be included in the 
analysis of the PFO test. Downhole and wellhead pressure gauges will be used to record and 
monitor bottomhole pressures during the injection period and the fall-off period. Specifications 
for the pressure gauges are provided in the QASP. 


Reservoir pressures will be measured to capture the change in bottom-hole pressure throughout 
the test period; this includes the rapidly changing pressures immediately following cessation of 
injection. The fall-off period will continue until radial flow conditions are observed as indicated 
by stabilization of the surface pressure and the plateau of the pressure derivative curve. The PFO 
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test may also be truncated if boundary effects are encountered or if radial flow conditions are not 
observed. In addition to the radial flow regime, other flow regimes may be observed from the 
PFO test including spherical flow, linear flow, and fracture flow. The shut in period of the PFO 
test is expected to last at least five days, but data collected during the opportunistic PFO test will 
be used to assess the duration of this phase of the test. Analysis of PFO test data will be done 
using transient-pressure analysis techniques that are consistent with EPA guidance for 
conducting PFO tests (EPA, 1998, 2002).  


Pressure gauges that are used for the purpose of the PFO test will be calibrated according to the 
recommendations of the manufacturer and current calibration certificates will be provided with 
the test results to EPA.  


A report containing the PFO data and interpretation of the reservoir ambient pressure will be 
submitted to the permitting agency within 90 days of the test.  


7.8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 


Cleco Power, LLC will employ direct and indirect methods to track the extent of the CO2 plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90 (g).  


7.8.1 Plume Monitoring Location and Frequency 


Table 7-9 presents a summary of the methods that will be used to monitor the location of the CO2 
plume, including the activities, locations, and frequencies. The parameters to be analyzed as part 
of fluid sampling in the injection zone and associated analytical methods are presented in Table 
7-4. The corresponding QA procedures for these methods are presented in the QASP.  


Fluid samples will be obtained for analysis from the injection intervals in accordance with the 
Pre-Operational Testing Plan. The final sampling interval will be determined after the injection 
well has been drilled and the well logs have been analyzed.  


PNC logs will be used to identify difference in reservoir fluids near the wells and will be used to 
aid in monitoring the migration of the injected CO2. PNC logs operate by generating a pulse of 
high energy neutrons, subsequently measuring the neutron decay over time and across a wide 
energy spectrum (Conner et al., 2017). 


Baseline PNC logs will be acquired in the deep monitoring, and ACZ monitoring wells prior to 
the start of CO2 injection and annually during injection. 
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No phased or adaptive monitoring has been planned for the project in terms of expanding the 
monitoring network. However, if the AoR is reassessed over the injection phase of the project, 
the Testing and Monitoring Plan will be reassessed (Permit Section 7).  
 


7.8.4 Pressure-Front Monitoring Details 


Pressure gauges will be placed on the tubing string of the deep monitor well to monitor the 
pressures in the injection formation (Table 7-10). The gauges will be memory-style gauges, such 
as Pioneer Petrotech PPS25 or similar, that would record and store the data within the gauge. 
Refer to the QASP for technical information on the potential pressure/ temperature gauges 
(Appendix 7.A). The gauges will be placed back in the well after the data download.  


The pressure data will be stored as time-stamped data pairs. It is expected that the pressures in 
the injection interval will begin to increase once injection operations begin. These data will be 
used to calibrate the computational modelling results over the injection and PISC phases of the 
project. Calibrating the computational model with pressure and temperature data from the 
storage formation will lead to more accurate predictions of pressure plume behavior over time. 
The AoR and Corrective Action Plan further describes how the pressure and temperature data 
will be used to calibrate the computational modelling, and how it might be used to trigger an 
early reassessment of the AoR (Permit Section 2). 


The proposed microseismic monitoring array will have multiple surface stations. The number 
and physical locations of these stations will be determined using a network design process. Each 
standalone station will likely consist of a seismometer, digitizer, solar panel with battery backup, 
and a cell modem/ antenna. Triggered data will be processed to provide event magnitude and 
location information and results will be reviewed by a data processor and event data will be 
received by the project daily. The event locations will be incorporated in the SEM. Microseismic 
activity will provide qualitative information on the spatial extent of pressure plume over time.   


7.9 Surface Air Monitoring and/or Soil Gas Monitoring  (40 CFR 146.90 (h)) 


The UIC Director may require surface air monitoring and/or soil gas monitoring to 
detect movement of CO2 that could endanger a USDW. 


7.10 Additional Monitoring  (40 CFR 146.90 (i)) 


The UIC Director may require additional monitoring, necessary to support, upgrade, and 
improve computational modeling of the AoR as required under 40 CFR146.84(c) and 40 
CFR144.12. 


7.11 Testing and Monitoring Plan Review  (40 CFR 146.90 (j)) 


Cleco Power, LLC shall periodically review the Testing and Monitoring Plan to incorporate 
monitoring data collected under this subpart, operational data collected as part of injection 
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operations (40 CFR 146.88), and the most recent AoR reevaluation performed (40 CFR 146.84). 
In no case shall Cleco Power, LLC review the Testing and Monitoring Plan less often than once 
every five years. Based on this review, Cleco Power, LLC shall submit an amended Testing and 
Monitoring Plan or demonstrate to the UIC Director that no amendment to the Testing and 
Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be 
approved by the UIC Director, must be incorporated into the permit, and are subject to 
the permit modification requirements pursuant to 40 CFR 144.39 or 40 CFR 144.41, as 
appropriate. Amended plans or demonstrations shall be submitted to the UIC Director as follows: 


(1) Within one year of an AoR reevaluation 


(2) Following any significant changes to the facility, such as addition of monitoring wells or 
newly permitted injection wells within the AoR, on a schedule determined by the UIC Director 


(3) When required by the UIC Director. 
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Appendix 7.A Quality Assurance and Surveillance Plan  


The Quality Assurance and Surveillance Plan is presented in a separate document accompanying 
this permit application. 
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7.0 Testing and Monitoring Plan 


7.1 Overall Strategy and Approach for Testing and Monitoring 


This Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with carbon dioxide (CO2) injection into the subsurface 
at this site. Goals of the monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting underground sources of drinking water (USDWs) 
• Ensuring that the injection well is operating as planned. 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support Area of Review (AoR) re-evaluations over the course of the project 
• The Cleco Diamond Vault project is a multi-injection well project. This Testing and 


Monitoring Plan is designed to address the regulatory requirements of monitoring all CO2 
injection wells and the associated combined AoR. 
 


The Testing and Monitoring Plan will be adaptive over time; the plan can be adjusted to respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 7-1 illustrates the AoR at the end of the injection period and the conceptual distribution of 
deep monitor wells, above confining zone wells, and seismicity stations. The AoR and 
Corrective Action Plan, Permit Section 2, (40 CFR 146.84 (b)) describes the data and 
computational techniques used to model the development of the CO2 plume during injection. It 
describes how the static earth model (SEM) was built, incorporating the two-dimensional (2D) 
seismic data. In addition, it explains how the data collected as part of this Testing and 
Monitoring Plan will be used to re-evaluate the AoR over the pre-operational and injection 
phases of the project (40 CFR 146.84 (e)).  


Certain outcomes of the testing and monitoring activities described below may trigger action 
according to the Emergency and Remedial Response Plan, Permit Section 10, (40 CFR 146.94 
(a)). 
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The Testing and Monitoring Plan will utilize several direct and indirect monitoring technologies 
throughout the injection and post-injection site care (PISC) phases of the project that will 
monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW and the deepest 


water-bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan, Permit Section 6, (40 CFR 146.82(a)(8), 
146.87). The water content and chemical composition of the CO2 stream will be monitored 
downstream of the final compression (40 CFR 146.90 (a)). Corrosion coupons composed of the 
same material as the well components and CO2-delivery pipeline will be placed in the delivery 
pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that may be 
indicative of future potential well integrity issues (40 CFR 146.90 (c)).  


Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 
flowrate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 
surface to monitor the cumulative mass of injected CO2 and ensure compliance with the permit 
injection limits. The storage formation injection volume will be calculated using the mass 
flowrate combined with the pressure and temperature conditions in the storage formation. The 
injection volumes will, in turn, be used to update the computational models at regular intervals 
throughout the injection phase of the project. The annular pressure between the tubing and the 
injection casing strings and the annular fluid volumes will also be monitored on a continuous 
basis (40 CFR 146.90 (b)). These data will be linked to a Supervisory Control and Data 
Acquisition (SCADA) system to record the operations data, control injection rates, and initiate 
system shutdown, if required. The SCADA system can also be used to adjust the volume of 
annular fluid, and thereby pressure, in the annular space to meet the operational and regulatory 
objectives. Bottomhole pressure and temperature will be measured continuously until a steady 
state of flow is reached using retrievable pressure sensors to establish a wellhead-to-bottomhole 
pressure correlation that can be used to calculate the reservoir pressure at any time using the 
wellhead pressure data.  
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Figure 7-1: Map of Diamond Vault showing conceptual layout of deep monitor wells, above 
confining zone wells, and seismicity stations with six proposed injection wells and AoR 
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Figure 7-2: Map of proposed injection well CLDV-IW4 
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)). The same internal and external integrity evaluation methods used with the 
injection well will be used on the deep monitoring wells. However, the annular pressure will be 
measured daily and adjusted as needed.  


Pressure fall-off (PFO) tests will be conducted in the injection formation in the stratigraphic test 
well (STW) and injection wells when they are drilled to establish the hydrogeologic 
characteristics of the storage formation (Permit Section 6). During the injection phase of the 
project, a PFO test will be conducted in the injection well at least once every five years. If there 
is an injection pressure increase of more than10%, over a period of one month, compared to the 
computational model, then a PFO test will be conducted sooner (40 CFR 146.90 (f)). The 
objective of the PFO testing is to periodically monitor for any changes in the near wellbore 
environment that would impact injectivity or cause injection pressures to increase. The formation 
characteristics obtained through the PFO testing will be compared to the results from previous 
tests to identify any changes over time and will be used to calibrate the computational models.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). If confirmed, this 
would trigger external well integrity testing of the injection and deep monitoring wells and may 
trigger the emergency response actions found in the Emergency and Remedial Response Plan 
(Permit Section 10). 
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Figure 7-3: Stratigraphic column for injection well. 
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There is an existing, extensive, groundwater monitoring program in place at the facility (Figure 
7-1). A subset of this network will be selected, and supplemented with additional wells, to 
provide the required sampling coverage across the AoR.   


To establish a baseline of the seasonal variation in the aqueous geochemistry of these shallow 
groundwater wells, sampling will be conducted prior to the start of CO2 injection. Throughout 
the injection and PISC phases of the project, the results of the aqueous geochemistry and stable 
isotope analyses will be compared to the baseline conditions for any indication of CO2 or brine 
migration into the shallow groundwater aquifer. If indications of CO2 or brine are found in the 
shallow groundwater aquifer, it will trigger the emergency response actions found in the 
Emergency and Remedial Response Plan (Permit Section 10). 


Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation.  
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Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


The facility is in an area with low rates of seismic activity and risk (Permit Section 1). The 
primary goals of continuous background seismicity monitoring are: 


• Addressing public and stakeholder concerns related to induced seismicity  


• Monitoring the spatial extent of the pressure front from the distribution of seismic events 


• Identifying activity that may indicate failure of the confining zone and possible 
containment loss 


Table 7-1 presents the general schedule and spatial extent for the monitoring activities in the 
baseline and injection phases of the project. Refer to the PISC and Site Closure Plan (Permit 
Section 9) for discussion of the monitoring plans related to the PISC phase. Changes to the 
monitoring schedule may occur over time as the project evolves. For instance, if anomalous 
results are identified in the existing monitoring data, confirmation sampling will be conducted 
within 10 days and additional monitoring data may be acquired through subsequent 
investigations into the anomalous results. Likewise, if the CO2 plume behaves in a stable and 
predictable manner for many years through the injection phase of the project, some monitoring 
may be reduced in frequency. Any such changes to the Testing and Monitoring Plan will be 
made in consultation with the Underground Injection Control (UIC) Program Director (40 CFR 
146.90 (j)).   
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7.1.1 Quality Assurance Procedures 


Data quality assurance and surveillance protocols adopted by the project have been designed to 
facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality assurance 
(QA) requirements for direct measurements within the injection zone, above the confining zone, 
and within the shallow USDW aquifer are described in the Quality Assurance and Surveillance 
Plan (QASP) that is attached to this document (Appendix 7.1). These measurements will be 
performed based on best industry practices and the QA protocols recommended by the service 
contractors selected to perform the work.  


7.1.2 Reporting Procedures 


Cleco Power, LLC will report the results of all testing and monitoring activities to the EPA in 
compliance with the requirements under 40 CFR 146.91. 


7.2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 


Cleco Power, LLC will analyze the CO2 stream during the injection phase of the project to 
provide data representative of its chemical characteristics and to meet the requirements of 40 
CFR 146.90 (a). 


This section describes the measurements and sampling methodologies that will be used to 
monitor the chemical characteristics of the CO2 injection stream. 


7.2.1 Sampling Location and Frequency 


Prior to injection, the CO2 stream will be sampled during regular plant operations to obtain 
representative CO2 samples that will serve as a baseline dataset.  


7.2.2 Analytical Parameters 


The CO2 stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics (40 CFR 146.90(a)). These characteristics include fluid 
composition (i.e., fraction of CO2 and other constituents measured on a volumetric or mass basis 
at a known temperature and pressure), temperature, and pressure, as well as additional 
parameters that may be used for understanding potential interactions between the injectate and 
the formation. 


The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 


and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials.  


Additionally, monitoring the chemical and physical characteristics of the CO2 (e.g., isotopic 
signature, other constituents) may help distinguish the injectate from the native fluids and gases 
in case of a leak. Injectate monitoring is required at a sufficient frequency to detect changes to 
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any physical and chemical properties that may result in a deviation from the permitted 
specifications. 


7.2.3 Sampling Method – CO2 Injection Stream Gases 


Grab samples of the CO2 stream will be obtained for analysis of the components present in the 
injection stream. Samples of the CO2 stream will be collected at a location in the system where 
the material is representative of the material injected (i.e., between the compression system and 
the injection well), using a ¼-inch sampling port in the flowline which are standard fitting sizes 
on double-ended sample cylinders provided by any nationally accredited environmental 
laboratory (Figure 7-3). Quick-connect fittings are attached to the cylinder’s ¼-inch national pipe 
thread (NPT) fittings, and the cylinder is easily connected into the system. The CO2 stream flows 
from the pipeline by opening a ball valve, through a pressure reducer, into the cylinder. The 
pressure regulator will reduce the pressure of the CO2 stream to approximately 250 pounds per 
square inch (psi) so that the CO2 is in the gaseous state when collected rather than a super-critical 
liquid. The three-way valve upstream from the cylinder allows for greater control of the pressure 
in the system. Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to 
sample collection to remove laboratory-added helium gas and ensure a representative sample. 
During purging, the outlet of the sample cylinder will be connected to a ventilation line and 
vented to the atmosphere. Proper sampling technique is critical for any gas analysis program. 
Therefore, great care will be taken to ensure that the cylinder is not contaminated by atmospheric 
gas and the sample is representative of the CO2 in the pipeline. A standard sampling procedure is 
shown below in Figure 7-4. Samples will be shipped to the lab after collection in accordance 
with the standard operating procedures (SOPs) found in Section B2 of the QASP (Appendix 7.1). 
Further details related to sampling methods can be found in Section B2 of the QASP. 


 


 


Figure 7-4: Example of double-ended sample cylinder (Atlantic Analytical Laboratory, 2021). 
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Figure 7-5: Schematic of gas sampling system using a high-pressure cylinder (Atlantic Analytical 
Laboratory, 2021). 


 


7.2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 


A nationally accredited environmental laboratory will analyze the CO2 stream samples. The 
third-party laboratory will follow standard sample handling and chain-of-custody guidance (EPA 
540-R-09-03, or equivalent). Details can be found in the QASP (Appendix 7.A). 
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7.3.2 Monitoring Details 


7.3.2.1 Continuous Recording of Injection Pressure  


The CO2 injection pressure will be monitored on a continuous basis at the wellhead of the 
injection well to ensure that injection pressures do not exceed 90% of the fracture propagation 
pressure of the injection zone (40 CFR 146.88 (a)). Further details are found in the Well 
Operations Plan (Permit Section 6). If injection pressure exceeds 90% of the injection zone 
fracture pressure, then the injection process will be automatically shut down in accordance with 
the Well Operations Program.  


At the start of the injection period two retrievable bottomhole pressure gauges will be deployed 
in the injection well to provide continuous injection pressure measurements. A dynamic flow 
calculation will be made to correlate the wellhead pressure to the bottomhole pressure, and this 
calculation will be used for the initial injection conditions. The bottomhole gauges will be 
removed when a steady state of flow is achieved,  


Any anomalies outside of the normal operating specifications may indicate that an issue has 
occurred with the well, such as a loss of mechanical integrity or blockage in the tubing or may be 
caused by a change in injection flowrate. Anomalous pressure measurements would trigger the 
need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 
injection pressure will also be used to calibrate the computational modeling throughout the 
injection phase of the project.  


The wellhead pressure of the injected CO2 will be continuously measured by an electronic 
pressure transducer with analog output mounted on the CO2 line associated with the injection 
well. The transmitter will be electronically connected to the SCADA system located in the 
Control Building, which can shut down the system or change the flowrate depending on the 
pressures measured at the wellhead. The transducer will be calibrated prior to the start of 
injection operations, and annually thereafter.   


7.3.2.2 Continuous Recording of Injection Mass Flowrate  


The mass flowrate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well. The meter will have an 
analog output (Endress & Hauser Promass-Q or F Series, Micro Motion Coriolis Flow and 
Density Meter Elite Series, or similar). Two flow meters will be supplied; this will provide one 
spare flow meter to allow for flow meter servicing and calibration. The flow meter will be 
connected to the SCADA system for continuous monitoring and control of the CO2 injection rate 
into the well. Using two flow meters will allow confirmation of accurate flow measurements. 
The mass flow meters will be calibrated annually.  
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7.3.2.3 Injection Volume 


The injection volume into the reservoir will be calculated on a continuous basis based on the 
injection mass and the pressure and temperature conditions in the storage formation. The volume 
calculated will be used in the computational models to determine storage formation capacity and 
flow. 


7.3.2.4 Continuous Recording of Annular Pressure 


As described in the Well Operation Plan (Permit Section 6), the pressure on the annulus between 
the injection tubing and the long-string casing will be measured by an electronic pressure 
transducer with analog output, such as a Endress & Hauser pressure transmitter, a Foxboro I/A 
Series® IAP20, or similar, that is mounted on the wing valve/annular fluid line connected to the 
wellhead of the injection well. The transmitter will be connected to the well control system and 
the SCADA system to regulate the annular pressure.  


Annular pressures are expected to vary up to 20% during normal operations due to atmospheric 
and CO2 stream temperature fluctuations. The annular pressure gauge will be calibrated annually, 
and the transducer will be recalibrated according to the manufacturer’s recommendations.  


7.3.2.5 Continuous Recording of Annulus Fluid Volume 


As described in the Well Operation Plan (Permit Section 6), the volume of the annulus fluid 
between the injection tubing and the long-string casing will be measured using the accumulator 
levels and the brine reservoir level on the well control system. The accumulator levels will be 
measured using a level transmitter (Endress & Hauser level device, a Temposonics linear-
position sensor R-series Model RH or equivalent). The brine reservoir level will be measured 
using a level transmitter (Omega LVCN414 series or equivalent). The transmitters will be 
connected to the well control system and to the SCADA system.  


The annular fluid volume is expected to fluctuate as atmospheric and injection stream 
temperatures change. These changes are expected to be most dramatic during startup and 
shutdown operations.  


7.3.2.6 Continuous Recording of CO2 Stream Temperature 


The temperature of the CO2 injection stream will be continuously measured using an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The transmitter will be calibrated prior to the start of injection 
operations and calibrated annually. The thermocouple for measuring surface injection 
temperature will be recalibrated annually or it will be replaced with a calibrated thermocouple. 
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7.3.2.7 Bottomhole Pressure and Temperature 


Bottomhole pressure and temperature will be monitored prior to and during injection until steady 
state of flow is reached. The downhole pressure data will be used to establish a correlation 
between the storage formation pressure and the wellhead pressure for more accurate estimates of 
downhole pressure throughout injection. These data will also be used with the mass flowrate to 
calculate the volume injection rate of the CO2 into the reservoir.  


Two retrievable electronic pressure/temperature gauges, such as Pioneer Petrotech Services 
Model PPS25, or similar, will be set on a plug at the bottom of the tubing string. The gauges can 
record and store 1,000,000 sets of pressure/temperature data points. They will be recovered from 
the well via slickline and the data downloaded. Two gauges are used to confirm consistent 
measurements and provide backup if required. First, the relationship between wellhead pressure 
and formation pressure will be defined. Then this will be used as a point of compliance for 
maintaining injection pressure below 90% of formation fracture propagation pressure as per 40 
CFR 146.88 (a). The downhole pressure and temperature data will also be used to calibrate the 
dynamic model.  


The pressure/temperature gauges will be checked for visible damage each time they are removed 
from the wells. If no issues are apparent with the data or the physical appearance of the gauges, 
they will be recalibrated every three years, per the manufacturer’s recommendation. 


7.4 Corrosion Monitoring (40 CFR 146.90 (c)) 


To meet the requirements of 40 CFR 146.90 (c), Cleco Power, LLC will monitor well materials 
(Table 7-3) and components during the operational period for loss of mass, thickness, cracking, 
pitting, and other signs of corrosion to ensure that the well components meet the minimum 
standards for material strength and performance. This section presents the procedures that will be 
followed to monitor the corrosion of well materials used in the casing and tubing. For Class VI 
injection wells, corrosion monitoring of the well materials is required on a quarterly basis (40 
CFR 146.90 (c)). 


7.4.1 Monitoring Location and Frequency 


The corrosion coupons will be retrieved and analyzed every three months after the start of 
injection. If the coupons show evidence of corrosion, the injection well itself will be assessed for 
signs of corrosion using well logging techniques such as multi-finger caliper logging or an 
ultrasonic casing evaluation tool.  
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Figure 7-6: Type Corrosion coupon illustration in pipeline (top), types of coupons to be used for 
corrosion monitoring (below) (Cosasco, 2021). 


 


7.5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  


Cleco Power, LLC will monitor groundwater quality and geochemical conditions above the 
confining zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 


7.5.1 Monitoring Location and Frequency 


In addition to the shallow groundwater wells, deep groundwater wells will be drilled as part of 
the Testing and Monitoring Plan for the project. These ACZ wells will be drilled to the top of the 
confining zone and will be drilled adjacent to the injection well to monitor for any CO2 leakage 
or brine migration into the deepest USDW.  


Table 7-4 shows the proposed deep ACZ monitoring methods, depths, and frequencies. In 
addition to the data collected for the Pre-Operational Testing Program (Permit Section 5), fluids 
from the deepest USDW and the top of the confining zone will be sampled twice prior to the start 
of CO2 injection to determine if there is any natural variability in the fluids in these formations.  


Baseline shallow groundwater samples will be collected from the groundwater well network 
within the AoR (Figure 7-1) on a quarterly schedule starting prior to the start of injection to 
characterize the seasonal variations in shallow groundwater quality within the AoR (40 CFR 
146.90 (d)).  
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As a precautionary measure, the fluid sampling frequency for the shallow groundwater 
monitoring wells will also be increased. If the injected CO2 has a unique isotopic signature from 
the existing isotopes in the overlying aquifers, a new round of samples will be collected for 
isotopic analysis from the affected aquifer. Anomalous changes may also trigger the need for 
additional well integrity testing in both the deep monitoring well and the injection well to ensure 
that no well integrity issues have developed since the last set of external MITs.  


7.5.2 Analytical Parameters 


Table 7-5 identifies the geochemical parameters to be monitored and the analytical methods to be 
used on all fluid samples collected from the ACZ well, shallow groundwater wells, and the deep 
monitoring well. Fluid samples collected from these wells will be analyzed for cations, trace 
metals, anions, pH, alkalinity, total dissolved solids (TDS), density, dissolved inorganic carbon, 
and conductivity/resistivity. The cations, anions, TDS, density, and conductivity/resistivity 
provide details of the overall geochemistry of these aquifers. Changes in these parameters during 
the injection phase of the project may provide an indication of CO2 or brine movement above the 
confining layer. While pH and alkalinity may be indicators of CO2 migration above the confining 
layer, the dissolved inorganic carbon analysis could provide direct evidence of CO2 migration 
into these formations. Stable isotopes of C (in dissolved inorganic carbon), O, and H may 
provide an indication of fluid or CO2 migration into the deep ACZ aquifers and may also provide 
information about the origin of any migrating fluids. The presence of Carbon-14 may provide an 
indication of CO2 migration into the deep ACZ aquifers as any naturally occurring Carbon-14 
originally in these aquifers would have decayed long ago.  


The relative benefit of each analytical measurement will be evaluated throughout the design and 
initial injection testing phase of the project to identify the analytes best suited to meeting project 
monitoring objectives under site-specific conditions. If some analytical measurements are shown 
to be of limited use, they will be removed from the analyte list and not carried forward through 
the operational phases of the project. Any modification to the parameter list in Table 7-5 will be 
made in consultation with the UIC Program Director.  


There are no plans to use tracers during operations. However, as the monitoring plan is designed 
to be adaptive as project risks evolve over time, this decision may be re-assessed later. 
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7.7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 


Cleco Power, LLC will perform PFO tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  


PFO testing involves the measurement and analysis of pressure data from a well after it has been 
shut in. PFO tests provide the following information: 


• Confirmation of hydrogeologic reservoir properties such as injectivity and average 
permeability  


• Formation damage (skin) near the wellbore, which can be used to diagnose the need for 
well remediation/rehabilitation  


• Changes in reservoir performance over time, such as long-term pressure buildup in the 
storage formation, that may indicate formation damage  


• Average reservoir pressure that can be used to calibrate modeled predictions of reservoir 
pressure to verify that the operation is responding as modeled/predicted  


7.7.1 Testing Location and Frequency 


PFO testing will be performed in the injection well once every five years during the injection 
operations. However, additional PFO testing may be performed opportunistically if the system is 
shut down for a maintenance event, and the fall-off data may be collected and analyzed. In 
addition, data from these tests can be used to determine the duration of shut in desired for the 
scheduled PFO testing. The scheduled PFO tests will likely be performed during scheduled 
shutdown events to prevent additional system downtime. 


7.7.2 Testing Details 


A PFO test has a period of injection followed by a period of shut in. The bottom-hole pressure is 
then monitored and recorded for sufficient time during both phases of the testing to make a valid 
observation of the pressure fall-off curve. The optimal duration for the shut in periods will be 
determined through the opportunistic PFO test completed prior to the first scheduled PFO. To 
reduce the wellbore storage effects attributable to the pipeline and surface equipment, the well 
will be shut in at the wellhead nearly instantaneously with direct coordination with the injection 
facility operator. The programed injection rate will be maintained for a minimum of one week 
prior to the PFO. Additional data from the month prior to shut in will also be included in the 
analysis of the PFO test. Downhole and wellhead pressure gauges will be used to record and 
monitor bottomhole pressures during the injection period and the fall-off period. Specifications 
for the pressure gauges are provided in the QASP. 


Reservoir pressures will be measured to capture the change in bottom-hole pressure throughout 
the test period; this includes the rapidly changing pressures immediately following cessation of 
injection. The fall-off period will continue until radial flow conditions are observed as indicated 
by stabilization of the surface pressure and the plateau of the pressure derivative curve. The PFO 







 


Testing and Monitoring Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 31 of 36 


test may also be truncated if boundary effects are encountered or if radial flow conditions are not 
observed. In addition to the radial flow regime, other flow regimes may be observed from the 
PFO test including spherical flow, linear flow, and fracture flow. The shut in period of the PFO  
test is expected to last at least five days, but data collected during the opportunistic PFO test will 
be used to assess the duration of this phase of the test. Analysis of PFO test data will be done 
using transient-pressure analysis techniques that are consistent with EPA guidance for 
conducting PFO tests (EPA, 1998, 2002).  


Pressure gauges that are used for the purpose of the PFO test will be calibrated according to the 
recommendations of the manufacturer and current calibration certificates will be provided with 
the test results to EPA.  


A report containing the PFO data and interpretation of the reservoir ambient pressure will be 
submitted to the permitting agency within 90 days of the test.  


7.8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 


Cleco Power, LLC will employ direct and indirect methods to track the extent of the CO2 plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90 (g).  


7.8.1 Plume Monitoring Location and Frequency 


Table 7-9 presents a summary of the methods that will be used to monitor the location of the CO2 
plume, including the activities, locations, and frequencies. The parameters to be analyzed as part 
of fluid sampling in the injection zone and associated analytical methods are presented in Table 
7-4. The corresponding QA procedures for these methods are presented in the QASP.  


Fluid samples will be obtained for analysis from the injection intervals in accordance with the 
Pre-Operational Testing Plan. The final sampling interval will be determined after the injection 
well has been drilled and the well logs have been analyzed.  


PNC logs will be used to identify difference in reservoir fluids near the wells and will be used to 
aid in monitoring the migration of the injected CO2. PNC logs operate by generating a pulse of 
high energy neutrons, subsequently measuring the neutron decay over time and across a wide 
energy spectrum (Conner et al., 2017). 


Baseline PNC logs will be acquired in the deep monitoring, and ACZ monitoring wells prior to 
the start of CO2 injection and annually during injection. 
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No phased or adaptive monitoring has been planned for the project in terms of expanding the 
monitoring network. However, if the AoR is reassessed over the injection phase of the project, 
the Testing and Monitoring Plan will be reassessed (Permit Section 7).  
 


7.8.4 Pressure-Front Monitoring Details 


Pressure gauges will be placed on the tubing string of the deep monitor well to monitor the 
pressures in the injection formation (Table 7-10). The gauges will be memory-style gauges, such 
as Pioneer Petrotech PPS25 or similar, that would record and store the data within the gauge. 
Refer to the QASP for technical information on the potential pressure/ temperature gauges 
(Appendix 7.A). The gauges will be placed back in the well after the data download.  


The pressure data will be stored as time-stamped data pairs. It is expected that the pressures in 
the injection interval will begin to increase once injection operations begin. These data will be 
used to calibrate the computational modelling results over the injection and PISC phases of the 
project. Calibrating the computational model with pressure and temperature data from the 
storage formation will lead to more accurate predictions of pressure plume behavior over time. 
The AoR and Corrective Action Plan further describes how the pressure and temperature data 
will be used to calibrate the computational modelling, and how it might be used to trigger an 
early reassessment of the AoR (Permit Section 2). 


The proposed microseismic monitoring array will have multiple surface stations. The number 
and physical locations of these stations will be determined using a network design process. Each 
standalone station will likely consist of a seismometer, digitizer, solar panel with battery backup, 
and a cell modem/ antenna. Triggered data will be processed to provide event magnitude and 
location information and results will be reviewed by a data processor and event data will be 
received by the project daily. The event locations will be incorporated in the SEM. Microseismic 
activity will provide qualitative information on the spatial extent of pressure plume over time.   


7.9 Surface Air Monitoring and/or Soil Gas Monitoring  (40 CFR 146.90 (h)) 


The UIC Director may require surface air monitoring and/or soil gas monitoring to 
detect movement of CO2 that could endanger a USDW. 


7.10 Additional Monitoring  (40 CFR 146.90 (i)) 


The UIC Director may require additional monitoring, necessary to support, upgrade, and 
improve computational modeling of the AoR as required under 40 CFR146.84(c) and 40 
CFR144.12. 


7.11 Testing and Monitoring Plan Review  (40 CFR 146.90 (j)) 


Cleco Power, LLC shall periodically review the Testing and Monitoring Plan to incorporate 
monitoring data collected under this subpart, operational data collected as part of injection 
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operations (40 CFR 146.88), and the most recent AoR reevaluation performed (40 CFR 146.84). 
In no case shall Cleco Power, LLC review the Testing and Monitoring Plan less often than once 
every five years. Based on this review, Cleco Power, LLC shall submit an amended Testing and 
Monitoring Plan or demonstrate to the UIC Director that no amendment to the Testing and 
Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be 
approved by the UIC Director, must be incorporated into the permit, and are subject to 
the permit modification requirements pursuant to 40 CFR 144.39 or 40 CFR 144.41, as 
appropriate. Amended plans or demonstrations shall be submitted to the UIC Director as follows: 


(1) Within one year of an AoR reevaluation 


(2) Following any significant changes to the facility, such as addition of monitoring wells or 
newly permitted injection wells within the AoR, on a schedule determined by the UIC Director 


(3) When required by the UIC Director. 
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Appendix 7.A Quality Assurance and Surveillance Plan  


The Quality Assurance and Surveillance Plan is presented in a separate document accompanying 
this permit application. 
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8.0 Injection Well Plugging Plan 


8.1 Plugging Plan for the CLDV-IW5 Injection Well 


The injection well plugging plan described in this section, details the methods and materials that 
will be used to plug and abandon the CLDV-IW5 injection well in accordance with 40 CFR 
146.92. The well construction details for this injection well are provided in the Injection Well 
Construction Plan (Permit Section 4) of this application and includes the casing and cement used 
in the completion of the well. These details will be used to determine an appropriate approach to 
plugging the CLDV-IW5 well to prevent migration of fluids upwards through the abandoned 
well. The Post-Injection Site Care and Closure (PISC) Plan (Permit Section 9) describes tests that 
will be performed prior to well abandonment to confirm the well has maintained mechanical 
integrity throughout the injection phase of the project.  


Pursuant to the requirements of 40 CFR 146.92, specific data will be collected prior to plugging 
the injection well. The bottom-hole pressure will be determined and the mechanical integrity of 
the well casing will be confirmed prior to plugging and abandoning the well. The procedures that 
will be used to generate these data are described in the following sections.  


8.2 Tests or Measures for Determining Bottom-Hole Reservoir Pressure  


Bottom-hole pressure measurements will be conducted prior to plugging and abandonment of the 
CLDV-IW5 well as required by 40 CFR 146.92(a). These measurements will be used to 
determine several parameters including the pressure required to squeeze the cement from the 
well casing into the storage formation, the need for well control such as the weight of brine 
required to prevent the well from flowing, and the required blowout preventor (BOP) stack 
during the pre-abandoment workover activities. The bottom-hole reservoir pressure will also be 
used to confirm the blend of cement to be used to plug the well.  


8.3 Planned External Mechanical Integrity Tests  


External mechanical integrity tests (MITs) will be conducted prior to plugging the injection well 
as required by 40 CFR 146.92(a). The mechanical integrity of the well must be demonstrated after 
the injection phase of the project has been completed and prior to plugging the well to ensure 
conduits between the injection zone and the underground sources of drinking water (USDWs) 
have not developed. The external mechanical integrity will be evaluated by acquiring a 
temperature measurement in the CLDV-IW5 well (Table 8-1).  
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depths have been established. CO2-resistant cement will be used to plug the injection interval; 
this will include a 10% excess volume to be squeezed through the perforations into the injection 
formation. It requires approximately 0.26 sack of cement to seal one foot of perforated casing 
(including the 10% excess), and this value may be used to estimate for amount of cement needed 
for different perforation scenarios.  


The pressure used to squeeze the cement will be determined from the bottom-hole pressure data 
measured before beginning the plugging and abandonment process. The injection pressure of the 
cement will not exceed 90% of the fracture pressure of the injection formation. If it appears that 
the injection pressure will exceed the maximum pressure, and the total amount of cement has not 
been pumped into the injection zone, cement pumping will cease. After allowing the pressure to 
decrease to an acceptable level, cement pumping will be attempted again. A rapid increase in 
pressure on the tubing would indicate that the perforations have been sealed with cement, and no 
additional cement will be added to the zone or the plug.  


The cement retainer will be capped with 100 ft plug of CO2 resistant cement. The transition from 
13CR casing to carbon steel casing will be covered by a 100 ft plug of cement. 


 
 


 
 


  


 
 


 
 


  


The methods and materials described in the preceding paragraph are based upon current 
understanding of the geology at the site and current well designs. If necessary, the plans will be 
updated to reflect latest well designs. The new designs, materials, and methods will be described 
in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well (40 
CFR 146.92 (c)).  


After the completion of the plugging activities, a plugging report will be submitted to the UIC 
Director describing the methods and tests that were performed on the well during plugging. This 
report will be submitted to the UIC Director within 60 days of completing the plugging activities 
(40 CFR 146.92 (d)).  


 


Sensitive, Confidential, or Privileged Information
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Table 8-2: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
 
 


    


Table 8-3: Information on proposed well plugs. 
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8.5 Detailed Pre-Plugging Procedure (40 CFR 146.92 (c)) 


1. Notify EPA 60 days in advance of plugging via letter of intent, and 48 hours prior to 
commencing field operations. Ensure proper notifications and permits are in place and 
given to all regulatory agencies for rig move.  


2. Ensure all permits for  plug and abandonment (P&A) procedure and work plan have been 
approved and work authorized by the EPA. With the injection well falling under the EPA 
Class VI Permit jurisdiction, State and Local agencies do not require notifications.  


3. Ensure that advance pre-site inspection has been performed and the rig company has 
visited the site and is capable of transporting rig, tanks and ancillary equipment to 
perform P&A operations. Notify all key third parties of expected work scope, and ensure 
third-party contracts for work are in place prior to move in. 


4. Provide on-site and at well location of all copies of permits prior to initiating operations. 
Monitor and ensure all permit conditions of approval have been met. 


5. Confirm all necessary forms for the owner are on the rig, i.e., permits, safety meetings, 
trip sheets, etc. 


8.6 Detailed Plugging and Abandonment Procedure (Post-Injection) (40 CFR 146.92 (c)) 


1. Conduct and document a safety meeting. 


2. Conduct bottom hole pressures and MITs.  See Sections 8.2 and 8.3. 


3. Move-in (MI) rig and ancillary equipment onto injection well site and rig up (RU). 
Nipple up and test BOPs, pressure test equipment and ensure proper operation. 


4. Check wellhead tubing and casing pressures.  


5. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


6. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.   
Release from packer with tubing string and circulate one hole volume with kill weight 
brine. 


a. If the well is not dead or the pressure cannot be bled off of tubing, RU slickline 
and set plug in lower profile nipple below packer. Pick on tubing to remove 
tubing seals from packer and circulate tubing and annulus with kill weight fluid.  
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7. Release packer and pull out of hole with tubing laying it down. Ensure that the well is 
over-balanced so there is no backflow due to formation pressure and there are at least two 
well control barriers in place at all times.  


8. Trip into hole with work string with 7-5/8 inch cement retainer to bottom of tubing and 
set retainer to cement the perforated portion of the well, and prepare for cement plugging 
operations. Pump required number of sacks of CO2-resistant cement through the retainer 
while maintaining bottom-hole pressure below fracture pressure. If it appears that the 
injection pressure will reach 90% of the fracture pressure and the total amount of cement 
has not been pumped into the injection zone, cement pumping will cease. After allowing 
the pressure to reduce to an acceptable level, cement pumping will be attempted again. A 
rapid increase in pressure on the tubing would indicate that the perforations have been 
sealed with cement, and no additional cement will be added to the zone or plug. 


9. Spot required number of sacks of CO2 resistant cement on top of retainer. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing to 100 ft below 13CR casing top and prepare to set cement plug. Pump CO2 
resistant cement to leave 100 ft cement plug across top of 13CR casing and at top of 
caprock. 


12. Trip tubing string to surface casing shoe and prepare to set cement plug. Pump Class A 
cement with 50% pozzolan (POZ) (slurry weight of 14.7 lb/gal) using a balance method 
to cement 100 ft over casing shoe. 


13. Trip tubing string to a depth of 100 ft and prepare to set cement plug. Pump Class A 
cement to fill the casing from a depth of 100 ft to surface. 


14. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


15. Backfill the excavation. 


16. Rig down and move off service rig and any remaining exquipment. 


The procedures described above are subject to modification during execution as necessary to 
ensure a plugging operation that protects worker safety and is effective to protect USDWs. Any 
significant modifications due to unforeseen circumstances will be described in the Plugging 
Report. The Plugging Report will be submitted to the EPA within 60 days after plugging is 
completed (40 CFR 146.92 (d)). 
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation (model layer 180, 5,253 TVDSS, ft.) 
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Figure 9-2: Development of combined pressure front (from 6 injection wells) and CO2 plume 
after 4,8 and 12 years of injection. 
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Figure 9-3: Development of combined pressure front (from 6 injection wells) 2 and 5 years after the 


cessation of injection. 


 


9.4 Post-Injection Monitoring Plan (40 CFR 146.93(b)(1)) 


Performing groundwater monitoring, storage zone pressure monitoring, and geophysical 
monitoring as described in the following sections during the post-injection phase will meet the 
requirements of 40 CFR 146.93(b)(1). The results of all post-injection monitoring will be 
submitted semi-annually in Year 1 of the PISC and annually in subsequent years. 


A quality assurance and surveillance plan (QASP) for all testing and monitoring activities during 
the injection and post-injection phases is provided in Appendix 7.A of the Testing and 
Monitoring Plan (Permit Section 7). 
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.   
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


 


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 
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validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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8.0 Injection Well Plugging Plan 


8.1 Plugging Plan for the CLDV-IW1 Injection Well 


The injection well plugging plan described in this section, details the methods and materials that 
will be used to plug and abandon the CLDV-IW1 injection well in accordance with 40 CFR 
146.92. The well construction details for this injection well are provided in the Injection Well 
Construction Plan (Permit Section 4) of this application and includes the casing and cement used 
in the completion of the well. These details will be used to determine an appropriate approach to 
plugging the CLDV-IW1 well to prevent migration of fluids upwards through the abandoned 
well. The Post-Injection Site Care and Closure (PISC) Plan (Permit Section 9) describes tests that 
will be performed prior to well abandonment to confirm the well has maintained mechanical 
integrity throughout the injection phase of the project.  


Pursuant to the requirements of 40 CFR 146.92, specific data will be collected prior to plugging 
the injection well. The bottom-hole pressure will be determined and the mechanical integrity of 
the well casing will be confirmed prior to plugging and abandoning the well. The procedures that 
will be used to generate these data are described in the following sections.  


8.2 Tests or Measures for Determining Bottom-Hole Reservoir Pressure  


Bottom-hole pressure measurements will be conducted prior to plugging and abandonment of the 
CLDV-IW1 well as required by 40 CFR 146.92(a). These measurements will be used to 
determine several parameters including the pressure required to squeeze the cement from the 
well casing into the storage formation, the need for well control such as the weight of brine 
required to prevent the well from flowing, and the required blowout preventor (BOP) stack 
during the pre-abandoment workover activities. The bottom-hole reservoir pressure will also be 
used to confirm the blend of cement to be used to plug the well.  


8.3 Planned External Mechanical Integrity Tests  


External mechanical integrity tests (MITs) will be conducted prior to plugging the injection well 
as required by 40 CFR 146.92(a). The mechanical integrity of the well must be demonstrated after 
the injection phase of the project has been completed and prior to plugging the well to ensure 
conduits between the injection zone and the underground sources of drinking water (USDWs) 
have not developed. The external mechanical integrity will be evaluated by acquiring a 
temperature measurement in the CLDV-IW1 well (Table 8-1).  
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depths have been established. CO2-resistant cement will be used to plug the injection interval; 
this will include a 10% excess volume to be squeezed through the perforations into the injection 
formation. It requires approximately 0.26 sack of cement to seal one foot of perforated casing 
(including the 10% excess), and this value may be used to estimate for amount of cement needed 
for different perforation scenarios.  


The pressure used to squeeze the cement will be determined from the bottom-hole pressure data 
measured before beginning the plugging and abandonment process. The injection pressure of the 
cement will not exceed 90% of the fracture pressure of the injection formation. If it appears that 
the injection pressure will exceed the maximum pressure, and the total amount of cement has not 
been pumped into the injection zone, cement pumping will cease. After allowing the pressure to 
decrease to an acceptable level, cement pumping will be attempted again. A rapid increase in 
pressure on the tubing would indicate that the perforations have been sealed with cement, and no 
additional cement will be added to the zone or the plug.  


The cement retainer will be capped with 100 ft plug of CO2 resistant cement. The transition from 
13CR casing to carbon steel casing will be covered by a 100 ft plug of cement. 


 


 
  


 
 


 
 


 
  


The methods and materials described in the preceding paragraph are based upon current 
understanding of the geology at the site and current well designs. If necessary, the plans will be 
updated to reflect latest well designs. The new designs, materials, and methods will be described 
in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well (40 
CFR 146.92 (c)).  


After the completion of the plugging activities, a plugging report will be submitted to the UIC 
Director describing the methods and tests that were performed on the well during plugging. This 
report will be submitted to the UIC Director within 60 days of completing the plugging activities 
(40 CFR 146.92 (d)).  
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Table 8-2: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
 
 


    


Table 8-3: Information on proposed well plugs. 
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8.5 Detailed Pre-Plugging Procedure (40 CFR 146.92 (c)) 


1. Notify EPA 60 days in advance of plugging via letter of intent, and 48 hours prior to 
commencing field operations. Ensure proper notifications and permits are in place and 
given to all regulatory agencies for rig move.  


2. Ensure all permits for  plug and abandonment (P&A) procedure and work plan have been 
approved and work authorized by the EPA. With the injection well falling under the EPA 
Class VI Permit jurisdiction, State and Local agencies do not require notifications.  


3. Ensure that advance pre-site inspection has been performed and the rig company has 
visited the site and is capable of transporting rig, tanks and ancillary equipment to 
perform P&A operations. Notify all key third parties of expected work scope, and ensure 
third-party contracts for work are in place prior to move in. 


4. Provide on-site and at well location of all copies of permits prior to initiating operations. 
Monitor and ensure all permit conditions of approval have been met. 


5. Confirm all necessary forms for the owner are on the rig, i.e., permits, safety meetings, 
trip sheets, etc. 


8.6 Detailed Plugging and Abandonment Procedure (Post-Injection) (40 CFR 146.92 (c)) 


1. Conduct and document a safety meeting. 


2. Conduct bottom hole pressures and MITs.  See Sections 8.2 and 8.3. 


3. Move-in (MI) rig and ancillary equipment onto injection well site and rig up (RU). 
Nipple up and test BOPs, pressure test equipment and ensure proper operation. 


4. Check wellhead tubing and casing pressures.  


5. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


6. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.   
Release from packer with tubing string and circulate one hole volume with kill weight 
brine. 


a. If the well is not dead or the pressure cannot be bled off of tubing, RU slickline 
and set plug in lower profile nipple below packer. Pick on tubing to remove 
tubing seals from packer and circulate tubing and annulus with kill weight fluid.  
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7. Release packer and pull out of hole with tubing laying it down. Ensure that the well is 
over-balanced so there is no backflow due to formation pressure and there are at least two 
well control barriers in place at all times.  


8. Trip into hole with work string with 7-5/8 inch cement retainer to bottom of tubing and 
set retainer to cement the perforated portion of the well, and prepare for cement plugging 
operations. Pump required number of sacks of CO2-resistant cement through the retainer 
while maintaining bottom-hole pressure below fracture pressure. If it appears that the 
injection pressure will reach 90% of the fracture pressure and the total amount of cement 
has not been pumped into the injection zone, cement pumping will cease. After allowing 
the pressure to reduce to an acceptable level, cement pumping will be attempted again. A 
rapid increase in pressure on the tubing would indicate that the perforations have been 
sealed with cement, and no additional cement will be added to the zone or plug. 


9. Spot required number of sacks of CO2 resistant cement on top of retainer. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing to 100 ft below 13CR casing top and prepare to set cement plug. Pump CO2 
resistant cement to leave 100 ft cement plug across top of 13CR casing and at top of 
caprock. 


12. Trip tubing string to surface casing shoe and prepare to set cement plug. Pump Class A 
cement with 50% pozzolan (POZ) (slurry weight of 14.7 lb/gal) using a balance method 
to cement 100 ft over casing shoe. 


13. Trip tubing string to a depth of 100 ft and prepare to set cement plug. Pump Class A 
cement to fill the casing from a depth of 100 ft to surface. 


14. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


15. Backfill the excavation. 


16. Rig down and move off service rig and any remaining exquipment. 


The procedures described above are subject to modification during execution as necessary to 
ensure a plugging operation that protects worker safety and is effective to protect USDWs. Any 
significant modifications due to unforeseen circumstances will be described in the Plugging 
Report. The Plugging Report will be submitted to the EPA within 60 days after plugging is 
completed (40 CFR 146.92 (d)). 
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8.0 Injection Well Plugging Plan 


8.1 Plugging Plan for the CLDV-IW2 Injection Well 


The injection well plugging plan described in this section, details the methods and materials that 
will be used to plug and abandon the CLDV-IW2 injection well in accordance with 40 CFR 
146.92. The well details for this injection well are provided in the Injection Well Construction 
Plan (Permit Section 4) of this application and includes the casing and cement used in the 
completion of the well. These details will be used to determine an appropriate approach to 
plugging the CLDV-IW2 well to prevent migration of fluids upwards through the abandoned 
well. The Post-Injection Site Care and Closure (PISC) Plan (Permit Section 9) describes tests that 
will be performed prior to well abandonment to confirm the well has maintained mechanical 
integrity throughout the injection phase of the project.  


Pursuant to the requirements of 40 CFR 146.92, specific data will be collected prior to plugging 
the injection well. The bottom-hole pressure will be determined and the mechanical integrity of 
the well casing will be confirmed prior to plugging and abandoning the well. The procedures that 
will be used to generate these data are described in the following sections.  


8.2 Tests or Measures for Determining Bottom-Hole Reservoir Pressure  


Bottom-hole pressure measurements will be conducted prior to plugging and abandonment of the 
CLDV-IW2 well as required by 40 CFR 146.92(a). These measurements will be used to 
determine several parameters including the pressure required to squeeze the cement from the 
well casing into the storage formation, the need for well control such as the weight of brine 
required to prevent the well from flowing, and the required blowout preventor (BOP) stack 
during the pre-abandoment workover activities. The bottom-hole reservoir pressure will also be 
used to confirm the blend of cement to be used to plug the well.  


8.3 Planned External Mechanical Integrity Tests  


External mechanical integrity tests (MITs) will be conducted prior to plugging the injection well 
as required by 40 CFR 146.92(a). The mechanical integrity of the well must be demonstrated after 
the injection phase of the project has been completed and prior to plugging the well to ensure 
conduits between the injection zone and the underground sources of drinking water (USDWs) 
have not developed. The external mechanical integrity will be evaluated by acquiring a 
temperature measurement in the CLDV-IW2 well (Table 8-1).  
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depths have been established. CO2-resistant cement will be used to plug the injection interval; 
this will include a 10% excess volume to be squeezed through the perforations into the injection 
formation. It requires approximately 0.26 sack of cement to seal one foot of perforated casing 
(including the 10% excess), and this value may be used to estimate for amount of cement needed 
for different perforation scenarios.  


The pressure used to squeeze the cement will be determined from the bottom-hole pressure data 
measured before beginning the plugging and abandonment process. The injection pressure of the 
cement will not exceed 90% of the fracture pressure of the injection formation. If it appears that 
the injection pressure will exceed the maximum pressure, and the total amount of cement has not 
been pumped into the injection zone, cement pumping will cease. After allowing the pressure to 
decrease to an acceptable level, cement pumping will be attempted again. A rapid increase in 
pressure on the tubing would indicate that the perforations have been sealed with cement, and no 
additional cement will be added to the zone or the plug.  


The cement retainer will be capped with 100 ft plug of CO2 resistant cement. The transition from 
13CR casing to carbon steel casing will be covered by a 100 ft plug of cement. 


 
 


 
 


  


 
 


 
 


  


The methods and materials described in the preceding paragraph are based upon current 
understanding of the geology at the site and current well designs. If necessary, the plans will be 
updated to reflect latest well designs. The new designs, materials, and methods will be described 
in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well (40 
CFR 146.92 (c)).  


After the completion of the plugging activities, a plugging report will be submitted to the UIC 
Director describing the methods and tests that were performed on the well during plugging. This 
report will be submitted to the UIC Director within 60 days of completing the plugging activities 
(40 CFR 146.92 (d)).  
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Table 8-2: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 


 


    


Table 8-3: Information on proposed well plugs. 
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8.5 Detailed Pre-Plugging Procedure (40 CFR 146.92 (c)) 


1. Notify EPA 60 days in advance of plugging via letter of intent, and 48 hours prior to 
commencing field operations. Ensure proper notifications and permits are in place and 
given to all regulatory agencies for rig move.  


2. Ensure all permits for  plug and abandonment (P&A) procedure and work plan have been 
approved and work authorized by the EPA. With the injection well falling under the EPA 
Class VI Permit jurisdiction, State and Local agencies do not require notifications.  


3. Ensure that advance pre-site inspection has been performed and the rig company has 
visited the site and is capable of transporting rig, tanks and ancillary equipment to 
perform P&A operations. Notify all key third parties of expected work scope, and ensure 
third-party contracts for work are in place prior to move in. 


4. Provide on-site and at well location of all copies of permits prior to initiating operations. 
Monitor and ensure all permit conditions of approval have been met. 


5. Confirm all necessary forms for the owner are on the rig, i.e., permits, safety meetings, 
trip sheets, etc. 


8.6 Detailed Plugging and Abandonment Procedure (Post-Injection) (40 CFR 146.92 (c)) 


1. Conduct and document a safety meeting. 


2. Conduct bottom hole pressures and MITs.  See Sections 8.2 and 8.3. 


3. Move-in (MI) rig and ancillary equipment onto injection well site and rig up (RU). 
Nipple up and test BOPs, pressure test equipment and ensure proper operation. 


4. Check wellhead tubing and casing pressures.  


5. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


6. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.   
Release from packer with tubing string and circulate one hole volume with kill weight 
brine. 


a. If the well is not dead or the pressure cannot be bled off of tubing, RU slickline 
and set plug in lower profile nipple below packer. Pick on tubing to remove 
tubing seals from packer and circulate tubing and annulus with kill weight fluid.  
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7. Release packer and pull out of hole with tubing laying it down. Ensure that the well is 
over-balanced so there is no backflow due to formation pressure and there are at least two 
well control barriers in place at all times.  


8. Trip into hole with work string with 9-5/8 inch cement retainer to bottom of tubing and 
set retainer to cement the perforated portion of the well, and prepare for cement plugging 
operations. Pump required number of sacks of CO2-resistant cement through the retainer 
while maintaining bottom-hole pressure below fracture pressure. If it appears that the 
injection pressure will reach 90% of the fracture pressure and the total amount of cement 
has not been pumped into the injection zone, cement pumping will cease. After allowing 
the pressure to reduce to an acceptable level, cement pumping will be attempted again. A 
rapid increase in pressure on the tubing would indicate that the perforations have been 
sealed with cement, and no additional cement will be added to the zone or plug. 


9. Spot required number of sacks of CO2 resistant cement on top of retainer. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing to 100 ft below 13CR casing top and prepare to set cement plug. Pump CO2 
resistant cement to leave 100 ft cement plug across top of 13CR casing and at top of 
caprock. 


12. Trip tubing string to surface casing shoe and prepare to set cement plug. Pump Class A 
cement with 50% pozzolan (POZ) (slurry weight of 14.7 lb/gal) using a balance method 
to cement 100 ft over casing shoe. 


13. Trip tubing string to a depth of 100 ft and prepare to set cement plug. Pump Class A 
cement to fill the casing from a depth of 100 ft to surface. 


14. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


15. Backfill the excavation. 


16. Rig down and move off service rig and any remaining exquipment. 


The procedures described above are subject to modification during execution as necessary to 
ensure a plugging operation that protects worker safety and is effective to protect USDWs. Any 
significant modifications due to unforeseen circumstances will be described in the Plugging 
Report. The Plugging Report will be submitted to the EPA within 60 days after plugging is 
completed (40 CFR 146.92 (d)). 
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8.0 Injection Well Plugging Plan 


8.1 Plugging Plan for the CLDV-IW3 Injection Well 


The injection well plugging plan described in this section, details the methods and materials that 
will be used to plug and abandon the CLDV-IW3 injection well in accordance with 40 CFR 
146.92. The well construction details for this injection well are provided in the Injection Well 
Construction Plan (Permit Section 4) of this application and includes the casing and cement used 
in the completion of the well. These details will be used to determine an appropriate approach to 
plugging the CLDV-IW3 well to prevent migration of fluids upwards through the abandoned 
well. The Post-Injection Site Care and Closure (PISC) Plan (Permit Section 9) describes tests that 
will be performed prior to well abandonment to confirm the well has maintained mechanical 
integrity throughout the injection phase of the project.  


Pursuant to the requirements of 40 CFR 146.92, specific data will be collected prior to plugging 
the injection well. The bottom-hole pressure will be determined and the mechanical integrity of 
the well casing will be confirmed prior to plugging and abandoning the well. The procedures that 
will be used to generate these data are described in the following sections.  


8.2 Tests or Measures for Determining Bottom-Hole Reservoir Pressure  


Bottom-hole pressure measurements will be conducted prior to plugging and abandonment of the 
CLDV-IW3 well as required by 40 CFR 146.92(a). These measurements will be used to 
determine several parameters including the pressure required to squeeze the cement from the 
well casing into the storage formation, the need for well control such as the weight of brine 
required to prevent the well from flowing, and the required blowout preventor (BOP) stack 
during the pre-abandoment workover activities. The bottom-hole reservoir pressure will also be 
used to confirm the blend of cement to be used to plug the well.  


8.3 Planned External Mechanical Integrity Tests  


External mechanical integrity tests (MITs) will be conducted prior to plugging the injection well 
as required by 40 CFR 146.92(a). The mechanical integrity of the well must be demonstrated after 
the injection phase of the project has been completed and prior to plugging the well to ensure 
conduits between the injection zone and the underground sources of drinking water (USDWs) 
have not developed. The external mechanical integrity will be evaluated by acquiring a 
temperature measurement in the CLDV-IW3 well (Table 8-1).  
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depths have been established. CO2-resistant cement will be used to plug the injection interval; 
this will include a 10% excess volume to be squeezed through the perforations into the injection 
formation. It requires approximately 0.26 sack of cement to seal one foot of perforated casing 
(including the 10% excess), and this value may be used to estimate for amount of cement needed 
for different perforation scenarios.  


The pressure used to squeeze the cement will be determined from the bottom-hole pressure data 
measured before beginning the plugging and abandonment process. The injection pressure of the 
cement will not exceed 90% of the fracture pressure of the injection formation. If it appears that 
the injection pressure will exceed the maximum pressure, and the total amount of cement has not 
been pumped into the injection zone, cement pumping will cease. After allowing the pressure to 
decrease to an acceptable level, cement pumping will be attempted again. A rapid increase in 
pressure on the tubing would indicate that the perforations have been sealed with cement, and no 
additional cement will be added to the zone or the plug.  


The cement retainer will be capped with 100 ft plug of CO2 resistant cement. The transition from 
13CR casing to carbon steel casing will be covered by a 100 ft plug of cement. 


 
 


 
 


  


 
 


 
 


  


The methods and materials described in the preceding paragraph are based upon current 
understanding of the geology at the site and current well designs. If necessary, the plans will be 
updated to reflect latest well designs. The new designs, materials, and methods will be described 
in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well (40 
CFR 146.92 (c)).  


After the completion of the plugging activities, a plugging report will be submitted to the UIC 
Director describing the methods and tests that were performed on the well during plugging. This 
report will be submitted to the UIC Director within 60 days of completing the plugging activities 
(40 CFR 146.92 (d)).  
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Table 8-2: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
 
 


    


Table 8-3: Information on proposed well plugs. 
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8.5 Detailed Pre-Plugging Procedure (40 CFR 146.92 (c)) 


1. Notify EPA 60 days in advance of plugging via letter of intent, and 48 hours prior to 
commencing field operations. Ensure proper notifications and permits are in place and 
given to all regulatory agencies for rig move.  


2. Ensure all permits for  plug and abandonment (P&A) procedure and work plan have been 
approved and work authorized by the EPA. With the injection well falling under the EPA 
Class VI Permit jurisdiction, State and Local agencies do not require notifications.  


3. Ensure that advance pre-site inspection has been performed and the rig company has 
visited the site and is capable of transporting rig, tanks and ancillary equipment to 
perform P&A operations. Notify all key third parties of expected work scope, and ensure 
third-party contracts for work are in place prior to move in. 


4. Provide on-site and at well location of all copies of permits prior to initiating operations. 
Monitor and ensure all permit conditions of approval have been met. 


5. Confirm all necessary forms for the owner are on the rig, i.e., permits, safety meetings, 
trip sheets, etc. 


8.6 Detailed Plugging and Abandonment Procedure (Post-Injection) (40 CFR 146.92 (c)) 


1. Conduct and document a safety meeting. 


2. Conduct bottom hole pressures and MITs.  See Sections 8.2 and 8.3. 


3. Move-in (MI) rig and ancillary equipment onto injection well site and rig up (RU). 
Nipple up and test BOPs, pressure test equipment and ensure proper operation. 


4. Check wellhead tubing and casing pressures.  


5. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


6. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.   
Release from packer with tubing string and circulate one hole volume with kill weight 
brine. 


a. If the well is not dead or the pressure cannot be bled off of tubing, RU slickline 
and set plug in lower profile nipple below packer. Pick on tubing to remove 
tubing seals from packer and circulate tubing and annulus with kill weight fluid.  
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7. Release packer and pull out of hole with tubing laying it down. Ensure that the well is 
over-balanced so there is no backflow due to formation pressure and there are at least two 
well control barriers in place at all times.  


8. Trip into hole with work string with 7-5/8 inch cement retainer to bottom of tubing and 
set retainer to cement the perforated portion of the well, and prepare for cement plugging 
operations. Pump required number of sacks of CO2-resistant cement through the retainer 
while maintaining bottom-hole pressure below fracture pressure. If it appears that the 
injection pressure will reach 90% of the fracture pressure and the total amount of cement 
has not been pumped into the injection zone, cement pumping will cease. After allowing 
the pressure to reduce to an acceptable level, cement pumping will be attempted again. A 
rapid increase in pressure on the tubing would indicate that the perforations have been 
sealed with cement, and no additional cement will be added to the zone or plug. 


9. Spot required number of sacks of CO2 resistant cement on top of retainer. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing to 100 ft below 13CR casing top and prepare to set cement plug. Pump CO2 
resistant cement to leave 100 ft cement plug across top of 13CR casing and at top of 
caprock. 


12. Trip tubing string to surface casing shoe and prepare to set cement plug. Pump Class A 
cement with 50% pozzolan (POZ) (slurry weight of 14.7 lb/gal) using a balance method 
to cement 100 ft over casing shoe. 


13. Trip tubing string to a depth of 100 ft and prepare to set cement plug. Pump Class A 
cement to fill the casing from a depth of 100 ft to surface. 


14. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


15. Backfill the excavation. 


16. Rig down and move off service rig and any remaining exquipment. 


The procedures described above are subject to modification during execution as necessary to 
ensure a plugging operation that protects worker safety and is effective to protect USDWs. Any 
significant modifications due to unforeseen circumstances will be described in the Plugging 
Report. The Plugging Report will be submitted to the EPA within 60 days after plugging is 
completed (40 CFR 146.92 (d)). 
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8.0 Injection Well Plugging Plan 


8.1 Plugging Plan for the CLDV-IW4 Injection Well 


The injection well plugging plan described in this section, details the methods and materials that 
will be used to plug and abandon the CLDV-IW4 injection well in accordance with 40 CFR 
146.92. The well details for this injection well are provided in the Injection Well Construction 
Plan (Permit Section 4) of this application and includes the casing and cement used in the 
completion of the well. These details will be used to determine an appropriate approach to 
plugging the CLDV-IW4 well to prevent migration of fluids upwards through the abandoned 
well. The Post-Injection Site Care and Closure (PISC) Plan (Permit Section 9) describes tests that 
will be performed prior to well abandonment to confirm the well has maintained mechanical 
integrity throughout the injection phase of the project.  


Pursuant to the requirements of 40 CFR 146.92, specific data will be collected prior to plugging 
the injection well. The bottom-hole pressure will be determined and the mechanical integrity of 
the well casing will be confirmed prior to plugging and abandoning the well. The procedures that 
will be used to generate these data are described in the following sections.  


8.2 Tests or Measures for Determining Bottom-Hole Reservoir Pressure  


Bottom-hole pressure measurements will be conducted prior to plugging and abandonment of the 
CLDV-IW4 well as required by 40 CFR 146.92(a). These measurements will be used to 
determine several parameters including the pressure required to squeeze the cement from the 
well casing into the storage formation, the need for well control such as the weight of brine 
required to prevent the well from flowing, and the required blowout preventor (BOP) stack 
during the pre-abandoment workover activities. The bottom-hole reservoir pressure will also be 
used to confirm the blend of cement to be used to plug the well.  


8.3 Planned External Mechanical Integrity Tests  


External mechanical integrity tests (MITs) will be conducted prior to plugging the injection well 
as required by 40 CFR 146.92(a). The mechanical integrity of the well must be demonstrated after 
the injection phase of the project has been completed and prior to plugging the well to ensure 
conduits between the injection zone and the underground sources of drinking water (USDWs) 
have not developed. The external mechanical integrity will be evaluated by acquiring a 
temperature measurement in the CLDV-IW4 well (Table 8-1).  
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depths have been established. CO2-resistant cement will be used to plug the injection interval; 
this will include a 10% excess volume to be squeezed through the perforations into the injection 
formation. It requires approximately 0.26 sack of cement to seal one foot of perforated casing 
(including the 10% excess), and this value may be used to estimate for amount of cement needed 
for different perforation scenarios.  


The pressure used to squeeze the cement will be determined from the bottom-hole pressure data 
measured before beginning the plugging and abandonment process. The injection pressure of the 
cement will not exceed 90% of the fracture pressure of the injection formation. If it appears that 
the injection pressure will exceed the maximum pressure, and the total amount of cement has not 
been pumped into the injection zone, cement pumping will cease. After allowing the pressure to 
decrease to an acceptable level, cement pumping will be attempted again. A rapid increase in 
pressure on the tubing would indicate that the perforations have been sealed with cement, and no 
additional cement will be added to the zone or the plug.  


The cement retainer will be capped with 100 ft plug of CO2 resistant cement. The transition from 
13CR casing to carbon steel casing will be covered by a 100 ft plug of cement. 


 
 


 
 


  


 
 


 
 


  


The methods and materials described in the preceding paragraph are based upon current 
understanding of the geology at the site and current well designs. If necessary, the plans will be 
updated to reflect latest well designs. The new designs, materials, and methods will be described 
in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well (40 
CFR 146.92 (c)).  


After the completion of the plugging activities, a plugging report will be submitted to the UIC 
Director describing the methods and tests that were performed on the well during plugging. This 
report will be submitted to the UIC Director within 60 days of completing the plugging activities 
(40 CFR 146.92 (d)).  
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Table 8-2: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 


 


   


Table 8-3: Information on proposed well plugs. 
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8.5 Detailed Pre-Plugging Procedure (40 CFR 146.92 (c)) 


1. Notify EPA 60 days in advance of plugging via letter of intent, and 48 hours prior to 
commencing field operations. Ensure proper notifications and permits are in place and 
given to all regulatory agencies for rig move.  


2. Ensure all permits for  plug and abandonment (P&A) procedure and work plan have been 
approved and work authorized by the EPA. With the injection well falling under the EPA 
Class VI Permit jurisdiction, State and Local agencies do not require notifications.  


3. Ensure that advance pre-site inspection has been performed and the rig company has 
visited the site and is capable of transporting rig, tanks and ancillary equipment to 
perform P&A operations. Notify all key third parties of expected work scope, and ensure 
third-party contracts for work are in place prior to move in. 


4. Provide on-site and at well location of all copies of permits prior to initiating operations. 
Monitor and ensure all permit conditions of approval have been met. 


5. Confirm all necessary forms for the owner are on the rig, i.e., permits, safety meetings, 
trip sheets, etc. 


8.6 Detailed Plugging and Abandonment Procedure (Post-Injection) (40 CFR 146.92 (c)) 


1. Conduct and document a safety meeting. 


2. Conduct bottom hole pressures and MITs.  See Sections 8.2 and 8.3. 


3. Move-in (MI) rig and ancillary equipment onto injection well site and rig up (RU). 
Nipple up and test BOPs, pressure test equipment and ensure proper operation. 


4. Check wellhead tubing and casing pressures.  


5. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


6. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.   
Release from packer with tubing string and circulate one hole volume with kill weight 
brine. 


a. If the well is not dead or the pressure cannot be bled off of tubing, RU slickline 
and set plug in lower profile nipple below packer. Pick on tubing to remove 
tubing seals from packer and circulate tubing and annulus with kill weight fluid.  
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7. Release packer and pull out of hole with tubing laying it down. Ensure that the well is 
over-balanced so there is no backflow due to formation pressure and there are at least two 
well control barriers in place at all times.  


8. Trip into hole with work string with 9-5/8 inch cement retainer to bottom of tubing and 
set retainer to cement the perforated portion of the well, and prepare for cement plugging 
operations. Pump required number of sacks of CO2-resistant cement through the retainer 
while maintaining bottom-hole pressure below fracture pressure. If it appears that the 
injection pressure will reach 90% of the fracture pressure and the total amount of cement 
has not been pumped into the injection zone, cement pumping will cease. After allowing 
the pressure to reduce to an acceptable level, cement pumping will be attempted again. A 
rapid increase in pressure on the tubing would indicate that the perforations have been 
sealed with cement, and no additional cement will be added to the zone or plug. 


9. Spot required number of sacks of CO2 resistant cement on top of retainer. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing to 100 ft below 13CR casing top and prepare to set cement plug. Pump CO2 
resistant cement to leave 100 ft cement plug across top of 13CR casing and at top of 
caprock. 


12. Trip tubing string to surface casing shoe and prepare to set cement plug. Pump Class A 
cement with 50% pozzolan (POZ) (slurry weight of 14.7 lb/gal) using a balance method 
to cement 100 ft over casing shoe. 


13. Trip tubing string to a depth of 100 ft and prepare to set cement plug. Pump Class A 
cement to fill the casing from a depth of 100 ft to surface. 


14. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


15. Backfill the excavation. 


16. Rig down and move off service rig and any remaining exquipment. 


The procedures described above are subject to modification during execution as necessary to 
ensure a plugging operation that protects worker safety and is effective to protect USDWs. Any 
significant modifications due to unforeseen circumstances will be described in the Plugging 
Report. The Plugging Report will be submitted to the EPA within 60 days after plugging is 
completed (40 CFR 146.92 (d)). 
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation  
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Figure 9-2: Development of combined pressure front (from 6 injection wells) and CO2 plume 
after 4,8 and 12 years of injection. 
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.  
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 
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validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation (model layer 180, 5,253 TVDSS, ft.) 
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Figure 9-2: Development of combined pressure front (from 6 injection wells) and CO2 plume 
after 4,8 and 12 years of injection. 


Sensitive, Confidential, or Privileged Information







Post-Injection Site Care and Site Closure Plan for CLECO DIAMOND VAULT PROJECT  
Project Number: R06-LA-0022 Page 7 of 23 
 


 


 
Figure 9-3: Development of combined pressure front (from 6 injection wells) 2 and 5 years after the 


cessation of injection. 


 


9.4 Post-Injection Monitoring Plan (40 CFR 146.93(b)(1)) 


Performing groundwater monitoring, storage zone pressure monitoring, and geophysical 
monitoring as described in the following sections during the post-injection phase will meet the 
requirements of 40 CFR 146.93(b)(1). The results of all post-injection monitoring will be 
submitted semi-annually in Year 1 of the PISC and annually in subsequent years. 


A quality assurance and surveillance plan (QASP) for all testing and monitoring activities during 
the injection and post-injection phases is provided in Appendix 7.A of the Testing and 
Monitoring Plan (Permit Section 7). 
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.   
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


 


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 
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validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation  
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Figure 9-2: Development of combined pressure front (from 6 injection wells) and CO2 plume 
after 4,8 and 12 years of injection. 
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.  
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


 


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 







Post-Injection Site Care and Site Closure Plan for CLECO DIAMOND VAULT PROJECT  
Project Number: R06-LA-0022 Page 19 of 23 
 


validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation (model layer 180, 5,253 TVDSS, ft.) 
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.   
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


 


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 
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validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation  
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Figure 9-2: Development of combined pressure front (from 6 injection wells) and CO2 plume 
after 4,8 and 12 years of injection. 
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.  
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 
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validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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9.0 Post-Injection Site Care and Site Closure (PISC) Plan 


9.1 Introduction 


This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Cleco 
Power, LLC will perform to meet the requirements of 40 CFR 146.93. Cleco Power, LLC will 
monitor groundwater quality and track the position of the carbon dioxide (CO2) plume and 
pressure front for 10 years after the cessation of injection. 


9.2 Pre- and Post-Injection Pressure Differential (40 CFR 146.93(a)(2)) 


 
 Additional information on the projected post-injection pressure 


declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2). 


Figure 9-1 shows the modeling results of pressure behavior during the injection phase of the 
project and a 50-year post-injection period for model layer 180 within the computational model 
which is used to delineate the AoR for the project. Refer to the AoR and Corrective Action Plan 
(Permit Section 2) for more information on the delineation of the AoR.  


Figure 9-1: Pressure time-series data during injection (12 years) and 50 years of post-injection 
period at depth of top perforation (model layer 180, 5,253 TVDSS, ft.) 
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9.3 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 
(40 CFR 146.93(a)(2)) 


Figure 9-2 shows the predicted extent of the pressure front at the end of the 12 year injection 
period and the CO2 plume after 4,8 and 12 years of injection. The pressure front represents the 
maximum extent of the front and defines the AoR.   


Figure 9-3 shows the predicted extent of the pressure front and CO2 plume at 2 and 5 years after 
the end of injection. The figures demonstrate the relatively fast dissipation of the pressure front 
during the PISC phase.  
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Figure 9-2: Development of combined pressure front (from 6 injection wells) and CO2 plume 
after 4,8 and 12 years of injection. 
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Table 9-1 summarizes the monitoring activities that will take place during the PISC phase of the 
project. The project will continue to monitor the well integrity of the injection and deep 
monitoring wells on a yearly basis using temperature measurements to ensure that there is no 
migration of CO2 up the wellbores. In addition, the annular pressures and fluid volumes in the 
injection well will be monitored on a continuous basis until the well is plugged and abandoned. 
Annular pressure in the deep monitoring wells will be monitored daily until the well is plugged 
and abandoned. Refer to the Well Operations Plan and the Testing and Monitoring Plan for more 
information on the well integrity and operational monitoring plans (Permit Sections 6 and 7, 
respectively). 


Pulsed neutron capture (PNC) logging will continue in deep monitor wells and the above 
confining zone (ACZ) monitoring wells in the second quarter of each year of the PISC phase. 
This will allow the project to continue to characterize the vertical plume development and verify 
that CO2 is not migrating past the confining zone and into the ACZ aquifers, thereby endangering 
underground sources of drinking water (USDWs). Refer to the Testing and Monitoring Plan for 
more information on the PNC logging plans in the injection phase of the project (Permit Section 
7). 


The project will continue to monitor pressures within the injection formation in the deep 
monitoring wells until it is abandoned. The pressure within the injection zone is expected to 
begin to dissipate once CO2 injection ceases based on the computational modelling. The injection 
formation pressure measurements are expected to verify the pressure decrease, and the data will 
be used to history match the computational modelling in the PISC phase.   
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A nationally certified laboratory will be selected for the groundwater sampling and analysis. The 
sampling and analytical measurements will be performed in accordance with project quality 
assurance requirements. Samples will be tracked using appropriately formatted chain-of-custody 
forms. See the QASP for additional information (Permit Section 7, Appendix 7.A). 


The results of the geochemical and isotope analysis will be delivered in the form of laboratory 
reports. If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring 
zones, new samples will be obtained from the affected aquifer and sent for analysis to verify the 
changes.  


If anomalous changes are confirmed (greater than 5% deviation from baseline values as 
described in the Testing and Monitoring Plan [Section 7.5]), the frequency with which fluid 
samples are obtained from the ACZ aquifers for analysis will be increased. As a precautionary 
measure, the fluid sampling frequency for the shallow groundwater monitoring wells will also be 
increased in consultation with the UIC Director. If the injected CO2 has a unique isotopic 
signature from the existing isotopes in the overlying aquifers, a new round of samples will be 
collected for isotopic analysis from the affected aquifer. Confirmed anomalous changes may also 
trigger the need for additional well integrity testing in both the injection well and the deep 
monitoring well to ensure that no well integrity issues have developed since the last set of 
external MITs. A combination of anomalous pressure, geochemical, and well integrity testing 
results may result in the decision to acquire a time-lapse borehole surface seismic VSP survey 
before the survey scheduled in year five of the PISC to determine the size of the leakage 
accumulation.  


Table 9-4 presents information about the continuous monitoring devices to be used in the deepest 
USDW. The pressure data will be stored as time stamped data pairs and temperature data will be 
recorded continuously using DTS. Migration of CO2 or brine into the ACZ well will likely first 
be identified through pressure changes in the aquifers. An increasing pressure trend in either 
aquifer would suggest that leakage across the confining layer is occurring. While any increasing 
trend in pressure or temperature will be evaluated, an increase in pressure or temperature greater 
than 5% above baseline values will warrant additional monitoring and inspections to rule out the 
possibility of fluid leakage out of the storage formation. Such an increase in pressure or 
temperature would initiate more frequent fluid sampling and analysis for geochemical 
parameters from the aquifer with the pressure/temperature increase. An increase in pressures or 
temperatures in the ACZ well may also trigger additional external well integrity investigations in 
the injection well or deep monitoring wells. 
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9.5 Alternative Post-Injection Site Care Timeframe (40 CFR 146.93(c)) 


 
 


9.5.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 


Figure 9-2 illustrates a map view of the predicted (combined from all injection wells) pressure 
front and CO2 development after 4, 8 and 12 years of injection.  


 
  


9.5.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 


Figure 9-3 shows the map view of the pressure front during the post injection phase. Additional 
plots and figures, showing the pressure front during the injection period, can be found in the AoR 
and Corrective Action Plan Section (Permit Section 2). The maximum spatial extent of the 
pressure front occurs at the end of the injection period. Figure 9-1 shows the predicted pressure 
buildup and decline at the injection well through the injection phase and for 50 years of the post-
injection period, pressure decline begins immediately following cessation of injection.   


Continuous pressure measurements will be acquired from the injection formation through the 
injection and PISC phases of the project (Testing and Monitoring Plan, Permit Section 7). The 
pressure data obtained during the injection phase of the project will be used to update the 
computational modelling every six months as per the reporting requirements in 40 CFR 146.91. 
Pressure data acquired during the PISC phase of the project are expected to verify the rapid 
decline in pressure in the injection formation predicted by the computational modelling. 


9.5.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 


Figure 9-2 and Figure 9-3 show that the pressure plume remains relatively stable from the 
beginning of injection through to the end, after 12 years of injection. After the end of the 
injection period the pressure plume reduces quickly to reach pre injection levels after year 5 of 
the PISC phase. Additional figures illustrating the predicted CO2 plume expansion during the 
injection period are provided in the AoR and Corrective Action Plan Section (Permit Section 2). 
The combined pressure plume from all six planned injection wells was utilized to define the 
AoR.  
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9.5.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 


 
 


 


 
 


 


 


  


 


Figure 9-4: Moles of CO2 dissolved in brine during injection and post-injection period (blue). 
Moles of CO2 residually trapped in brine during injection and post-injection period (red). 
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9.5.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 


The Cane River Formation is the primary confining unit for the project. The mineralogy, 
geomechanics, and capillary pressure within the Cane River formation will be assessed as part of 
the logging and testing program of the Stratigraphic Test Well (STW). Regional data is currently 
being used to characterize the Cane River as described in the AoR and Corrective Action Plan 
(Permit Section 2). The stratigraphic column showing the Cane River derived from the regional 
data is shown below in Figure 9-9. 


Figure 9-5: Stratigraphic column showing confining zone (Cane River) 
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9.5.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 


 
 


 


The injection well will be constructed according to EPA Class VI regulations, and several 
measures will be incorporated in the well design to ensure protection of the USDWs at the site 
following the injection period (Injection Well Construction Plan, Permit Section 4). The long 
casing string and packer will be constructed of corrosion-resistant alloys (CR13) across the 
injection reservoir and confining zone to reduce the chances of casing degradation over the long 
term. Similarly, a CO2-resistant cement will be pumped behind the deep string casing across the 
injection reservoir and confining zone. Following completion of the injection phase of the project 
and monitoring efforts, the injection well will be plugged and abandoned according to EPA Class 
VI guidelines, including the use of CO2-resistant cement across the storage formation (Injection 
Well Plugging Plan, Permit Section 8). 


During the injection and PISC phases of the project, the well integrity of the injection and deep 
monitoring wells will be monitored through several internal and external monitoring techniques 
(Section 9.3, Permit Section 7). Annular pressures and fluid volumes will be monitored in the 
injection well on a continuous basis until the well is abandoned. Annular pressures in the deep 
monitor wells will be monitored daily. Temperature logging using DTS is the primary external 
mechanical integrity test that will be used to monitor the injection and deep monitoring wells on 
an annual basis.  


9.5.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 


 
 


 
 


 
 


 


9.6 Non-Endangerment Demonstration Criteria 


Prior to approval of the end of the post-injection phase, Cleco Power, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Director, per 40 CFR 146.93(b)(2) 
and (3). This report will make a demonstration of USDW non-endangerment based on the 
evaluation of the site monitoring data used in conjunction with the project’s computational 
model. The report will detail how the non-endangerment demonstration evaluation uses site-
specific conditions to confirm and demonstrate non-endangerment. The report will include all 
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relevant monitoring data and interpretations upon which the non-endangerment demonstration is 
based, model documentation and all supporting data, and any other information necessary for 
the UIC Director to review the analysis. The report will include the following sections: 


9.6.1 Introduction and Overview 


A summary of relevant background information will be provided, including the operational 
history of the injection project, the date of the non-endangerment demonstration relative to the 
post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 
monitoring and modeling results will be used together to support a demonstration of USDW non-
endangerment. 


9.6.2 Summary of Existing Monitoring Data 


A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan (Permit Section 7) and this PISC and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help 
demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 
Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring activities, 
including the dates of all monitoring events, changes to the monitoring program over time, and 
an explanation of all monitoring infrastructure that has existed at the site. Data will be compared 
with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 146.87(d)(3)]. 


9.6.3 Summary of Computational Modeling History 


The results of computational modeling used for AoR delineation and for demonstration of an 
alternative PISC timeframe will be compared to the monitoring data collected during the 
injection and PISC phases of the project. The monitoring data used to update and calibrate the 
computational modeling and to demonstrate non-endangerment of USDWs will include: 


• Pressure monitoring data from the injection formation, above the confining zone, and the 
deepest USDW 


• Microseismic data 


• PNC logs that characterize CO2 saturations and vertical plume development along the 
well bores 


• Time-lapse 3D borehole seismic data 


Data generated during the PISC period will be used to help show that the computational model 
accurately represents the storage site and can be used as a proxy to determine the CO2 and 
pressure plume’s properties and size. Cleco Power, LLC will demonstrate this degree of 
accuracy by comparing the monitoring data obtained during the PISC period against the model’s 
predicted properties such as plume location, rate of movement, and pressure decay. The 
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validation of the computational model with the large volume of available data will be a 
significant element to support the non-endangerment demonstration.  


9.6.4 Evaluation of Reservoir Pressure 


During the PISC phase, the computational modeling predicts that the pressure in the injection 
formation will steadily decrease toward the pre-injection static pressure. One of the primary 
forces driving CO2 or brine migration out of the storage formation is a pressure increase in the 
storage formation. Figure 9-1 illustrates the rapid decrease in pressure back to pre-injection 
levels in the injection formation once the injection phase of the project ends; and pressure 
decline toward pre-injection levels is one factor indicative of USDW non-endangerment. 


The project will monitor pressure in the injection formation in the injection well with downhole 
pressure gauges. The measured pressure will be compared to the pressure predicted by the 
computational model at the same depth. Agreement between the actual and the predicted values 
will help validate the accuracy of the model and further demonstrate non-endangerment.  


9.6.5 Evaluation of CO2 Plume 


During the injection and PISC phases of the project, the extent of the CO2 plume will be 
evaluated by PNC logging and time-lapse 3D borehole seismic VSP surveys.  


PNC logging will be used to monitor the distribution and saturation of CO2 adjacent to the 
wellbore in the deep monitor well. The PNC logging results can be compared against the model’s 
predicted plume vertical extent at a specific point location at a specified time interval. A good 
correlation between the two data sets will help provide strong evidence in validating the model’s 
ability to model the CO2 plume. Time-lapse 3D borehole seismic VSP data will be acquired at 
longer time intervals to track the development of the CO2 plume over a larger spatial extent. 
Both data types will be used to verify the computational model’s ability to predict the CO2 
behavior in the PISC phase of the project and support a demonstration of non-endangerment of 
USDWs at the end of the project. 


9.6.6 Evaluation of Emergencies or Other Events 


Mobilized brine from the storage formation may also pose a risk to USDWs. The geochemical 
data collected from the ACZ well will be used to demonstrate that the storage formation fluids 
have not migrated above the confining formation during the injection or PISC phases of the 
project. If these fluids have not migrated beyond the confining zone during the injection or PISC 
phases of the project, then they are not anticipated to pose a risk to USDWs after the PISC phase. 
To demonstrate non-endangerment, results of the fluid sampling in the deepest USDW from the 
injection and PISC phases will be compared to the pre-injection baseline samples. This 
comparison will support a demonstration that no significant changes in the fluid properties of the 
overlying formations have occurred and that storage formation fluids have not moved through 
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the confining layer, and therefore the CO2 and/or brine would not represent an endangerment to 
any USDWs. 


Section 9.4.6 describes the quality of the well construction for the wells that penetrate the 
confining zone for this project. The Well Construction Plan and the Well Plugging Plan are 
presented in Permit Sections 4 and 8, respectively. No other wells penetrate the confining zone 
within the AoR. 


9.7 Site Closure Plan 


Cleco Power, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e) as described below. Cleco Power, LLC will submit a final Site Closure Plan and notify 
the permitting agency at least 120 days prior of its intent to close the site. Once the permitting 
agency has approved closure of the site, Cleco Power, LLC will plug or transfer to another 
permit all wells and submit a site closure report to EPA. The activities, as described below, 
represent the planned activities based on information provided to EPA. The actual site closure 
plan may employ different methods and procedures. A final Site Closure Plan will be submitted 
to the UIC Director for approval with the notification of the intent to close the site.  


9.7.1 Plugging Monitoring Wells 


Prior to plugging the wells, the external integrity of each well will be confirmed by running a 
temperature log over the entire length of the casing (total depth [TD] to surface). The 
temperature log will be acquired just before plugging the well and will be compared to 
previously run temperature logs to ensure that no deflections have developed that may indicate a 
problem with external well integrity. In addition, PNC logs will be run in the wells following the 
injection period to confirm that CO2 has not migrated out of the injection zone.  


The Well Plugging Plan for the injection well can be found in Permit Section 8. The same 
approach will be used to plug all deep monitor and ACZ wells. Plugging and abandonment of 
these wells will meet all requirements set forth by the Class VI regulations. The perforated zone 
of the well will be plugged using a retainer method and the upper portions of the well will be 
cemented with a balance method. In addition, the portion of the casing within the storage 
formation in the deep monitor wells will be plugged using CO2-resistant cement. All the wells 
will have the casing cut off 5 ft below grade and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number and the date of plugging and 
abandonment inscribed on it. The following provides a detailed plan for plugging the deep 
monitor and ACZ wells at the Cleco Diamond Vault Project site. 


1. Conduct and document a safety meeting. 


2. Move-in (MI) rig and ancillary equipment onto well site and rig up (RU). Nipple up and 
test blow out preventors (BOPs), pressure test equipment and ensure proper operation. 
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3. Check wellhead tubing and casing pressures.  


4. Record bottom-hole pressure from downhole gauge (if final pressure has not already been 
determined) and calculate kill fluid density.  


5. Fill tubing with kill weight brine as determined by the final pressure measurement. Inject 
two tubing volumes of kill weight brine. Monitor tubing and casing pressure for 1 hour.  


6. If the well is not dead or the pressure cannot be bled off the tubing, rig up slickline and 
set plug in lower profile nipple below packer. Unstab the tubing and circulate tubing and 
annulus with kill weight fluid until well is dead.  


7. Release packer and pull out of hole with tubing laying it down. NOTE: Ensure that the 
well is over-balanced so there is no backflow due to formation pressure and there are 
always at least two well control barriers in place.  


8. Trip into hole with work string with 5-1/2-inch cement retainer to approximately 100 ft 
above the top perforation, set retainer to cement the perforated portion of the well, and 
prepare for cement plugging operations. Pump the specified number of sacks of cement 
through the retainer while maintaining bottom-hole pressure below fracture pressure. If it 
appears that the injection pressure will exceed the fracture pressure and the total amount 
of cement has not been pumped into the injection zone, cement pumping will cease. After 
allowing the pressure to reduce to an acceptable level, cement pumping will be attempted 
again. A rapid increase in pressure on the tubing would indicate that the perforations have 
been sealed with cement, and no additional cement will be added to the zone or plug. 


9. If a second perforated zone is present in the well, repeat Step 8 for upper perforated zone. 


10. Trip tubing string out of well and remove stinger from end of tubing. 


11. Trip tubing string to a depth of approximately 300 ft and prepare to set second cement 
plug. Pump 12 sacks of Class A cement (slurry weight of 15.9 pounds per gallon [lb/gal]) 
using a balance method to cement between a depth of 200 and 300 ft. 


12. Trip tubing string to a depth of 100 ft and prepare to set third cement plug. Pump 
approximately 12 sacks of Class A cement to fill the casing from a depth of 100 ft to near 
surface. 


13. Cut the casing string off at 5 ft below grade and weld a steel plate, (with well ID, permit 
number, and date of abandonment on it) to the casing strings. 


14. Backfill the excavation. 


15. Rig down and move off service rig and any remaining equipment. 
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Specific well designs for the deep monitor wells and ACZ wells are still to be determined. When 
available, specific cement volumes will be provided. 


Following the plugging and abandonment of the monitoring wells, the above ground 
infrastructure, such as wellheads, monitoring equipment, etc., will be removed, and the area 
around the wells will be regraded to follow the natural topography of the surrounding area 
(currently agricultural fields). The ground will be replanted with either native vegetation or be 
converted back to agricultural land.  


9.7.2 Site Closure Report 


A site closure report will be prepared and submitted within 90 days following site closure, 
documenting the following: 


• Plugging of the monitoring wells   


• Location of sealed injection well on a plat of survey that has been submitted to the local 
zoning authority 


• Notifications to state and local authorities as required by 40 CFR 146.93(f)(2) 


• Records regarding the nature, composition, and volume of the injected CO2, and post-
injection monitoring records. 


• Groundwater monitoring wells may be converted to use as groundwater wells as 
appropriate.  


Cleco Power, LLC will record a notation to the property’s deed on which the injection well was 
located that will indicate the following: 


• That the property was used for CO2 sequestration 


• The name of the local agency to which a plat of survey with the injection well location 
was submitted 


• The volume of fluid injected 


• The formation into which the fluid was injected, and the period over which the injection 
occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner 
or operator for a period of 10 years following site closure. Additionally, the owner or operator 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Director. 


9.7.3 Quality Assurance and Surveillance Plan (QASP)  


The QASP is presented in Appendix A of the Testing and Monitoring Plan (Permit Section 7).  
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10.0 Emergency and Remedial Response Plan 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) 


This Emergency and Remedial Response Plan (ERRP) describes actions that Cleco Power, LLC 
will take to address movement of the injection fluid or formation fluid in a manner that may 
endanger an underground source of drinking water (USDW) during the construction, operation, 
or post-injection site care periods of injection well CLDV-IW1, in accordance with 40 
CFR146.94 


If Cleco Power, LLC obtains evidence that the injected carbon dioxide (CO2) stream and/or 
associated pressure front may cause an endangerment to a USDW, Cleco Power, LLC will 
perform the following actions: 


1. Cease injection and initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release. 
3. Notify the permitting agency/UIC Program Director (UIC Director) of the emergency 


event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


If a non-emergency shutdown of the CO2 injection system is required, the operator will complete 
the shutdown in a stepwise approach to prevent over-pressure situations and/or damage to the 
equipment.  Efforts will also be made to maintain the CO2 in the injection stream in a 
supercritical phase to prevent special operations during the restart of the system.   


CO2 injection will only resume with the consent of the UIC Director. If Cleco Power, LLC can 
demonstrate that the injection operation will not endanger USDWs, the UIC Director may allow 
the resumption of injection prior to remediation. 


10.2 Local Resources and Infrastructure 


Resources in the vicinity of the Cleco Diamond Vault Project that may be affected as a result of 
an emergency event at the project site include: USDWs, existing network of shallow 
groundwater wells, newly drilled wells associated with the Testing and Monitoring program, 
public traffic on Interstate Highway I49 and Highway 8, Brame Energy Center, and Boise 
Cascade Engineered Wood Products. 


The main body of water at the Cleco site location is Lake Rodemacher. This lake provides 
cooling water to the power plant, is open to the public, and is managed by Cleco Power, LLC 
and the Louisiana Department of Wildlife and Fisheries. This lake has a size of 3,070 acres (4.8 
mi2) and has an average depth of 9 ft. East of the facility is the distributary Red River which has 
a watershed that covers 65,590 mi2 and flows southeast until it meets the Mississippi River 
(Benke and Cushing, 2005). For more information on the hydrogeology at the Cleco site location 
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refer to Section 1.2.7 Hydrologic and Hydrogeologic Information of the Project Narrative 
(Permit Section 1).    


The land within the area of review (AoR) consists primarily of cropland with sparse residential 
or agricultural buildings.  There are no public buildings, such as schools or hospitals in the AoR. 
Additionally, there are no residential groundwater wells within the AoR.   


Resources and infrastructure addressed in this plan are shown in Figure 10-1. 
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Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. 
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Figure 10-2: Map of proposed injection well CLDV-IW1 
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10.4.1 Well Integrity Failure 


Integrity loss of the injection well and/or the deep monitoring well may endanger USDWs. 
Automatic shutdown devices will be activated if the following events occur: 


• Wellhead (injection) pressure exceeds the maximum operating pressure specified in the 
permit. 


• Annulus pressure indicates a loss of external or internal well containment. 


• Mechanical integrity test (MIT) results identify a loss of mechanical integrity. 
 


Response actions for the situations listed above are detailed below in Table 10-2.   
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10.4.2 Injection Well Monitoring Equipment Failure 


The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 
may indicate a problem with the injection well that could endanger USDWs. Most equipment 
failures can be rapidly addressed by replacing the failed pieces of equipment and are likely minor 
emergencies. However, if the situation cannot be quickly addressed, system shutdown may be 
required.  


The response actions to an emergency associated with well equipment failure is detailed below in 
Table 10-3. 
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10.4.3 Potential Brine or CO2 Leakage to USDW 


Elevated concentrations of indicator parameter(s) in groundwater sample(s) from groundwater 
wells or increased pressures in the above confining zone (ACZ) wells may indicate fluid (brine) 
or CO2 leakage into a USDW.  


The response actions to an emergency associated with potential brine or CO2 leakage to a USDW 
is detailed below in Table 10-4. 
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10.4.4 Natural Disaster 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 
affecting the normal operation of the injection well. An earthquake may disturb surface and/or 
subsurface facilities and weather-related disasters (e.g., tornado or lightning strike) may affect 
surface facilities. The Cleco Diamond Vault facility lies outside the Federal Emergency 
Management Agency Adverse Effects (FEMA AE) Zone for floodplains.  


The response actions to an emergency associated with a natural disaster are detailed below in 
Table 10-5. 
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10.4.5 Induced Seismic Event 


The Cleco Diamond Vault Project is in a seismically stable region. To monitor the AoR for any 
potential seismic activity, a network of surface seismological stations will be deployed to 
continuously record background seismic activity. The number of required stations will be 
determined based on a site-specific modeling exercise incorporating the AoR and the seismic 
event magnitudes to be monitored. Baseline microseismic data will be acquired for six months 
prior to the start of injection operations. Triggered seismic event data will be processed to 
provide seismic moment magnitude and precise location and depth information on a real-time 
basis and reported daily should any occur.   


Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 
local reporting of felt events, the site will be assigned an operating state based on the protocol 
described in Table 10-6. The operating state is determined using threshold criteria which 
correspond to the site’s potential risk and level of seismic activity. The operating state provides 
operating personnel information about the potential risk of further seismic activity and guides 
them through a series of response actions.  
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10.5 Response Personnel and Equipment 


Site personnel, project personnel, and local authorities will be relied upon to implement this 
ERRP.  


The current emergency contact list can be found in the most recent Spill Prevention, Control, and 
Countermeasure (SPCC) document controlled by Cleco Power, LLC. An example of this contact 
list is found in Appendix 10.B. 


Cleco Power, LLC will provide the current emergency contact list to the UIC Director. 


Equipment needed in the event of an emergency and remedial response will vary, depending on 
the triggering emergency event. Response actions (cessation of injection, well shut-in, and 
evacuation) will generally not require specialized equipment to implement. Where specialized 
equipment (such as a drilling rig or logging equipment) is required, Cleco Power, LLC shall be 
responsible for its procurement.  


10.6 Emergency Communications Plan 


Cleco Power, LLC will communicate to the public about any event that requires an emergency 
response to ensure that the public understands what happened and whether there are any 
environmental or safety implications, in consultation with the UIC Director. The amount of 
information, timing, and communications method(s) will be appropriate to the event, its severity, 
whether any impacts to drinking water or other environmental resources occurred, any impacts to 
the surrounding community, and their awareness of the event.  


Cleco Power, LLC will describe what happened, any impacts to the environment or other local 
resources, how the event was investigated, what responses were taken, and the status of the 
response. For responses that occur over the long-term (e.g., ongoing cleanups), Cleco Power, 
LLC will provide periodic updates on the progress of the response action(s). 


Cleco Power, LLC will also communicate with entities who may need to be informed about or 
act in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, and Regional Response Teams (as part of the National Response Team). 


Emergency situations related to the injection project and described in this EERP will be managed 
by the Cleco Power, LLC communication team.  All media communications with the public 
through either interview, press releases, website postings, or other. 


The individual to be designated by Cleco Power, LLC will be the first contact during an 
emergency event. This individual will contact the crisis communication team as appropriate.   
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Individuals assigned the emergency response communications duties should have availability 24-
hours a day in the event of an emergency.  


10.7 Plan Review (40 CFR 146.94 (d)) 


This ERRP shall be reviewed: 


• At least once every five-years following its approval by the permitting agency. 


• Within one-year of an AoR re-evaluation. 


• Within six-months following any significant changes to the injection process or the 
injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Cleco Power, LLC will 
provide the permitting agency with the documentation supporting the “no amendment necessary” 
determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 
and submitted to the permitting agency within six-months following an event that initiates the 
ERRP review procedure. 


10.8 Staff Training and Exercise Procedures 


Cleco Power, LLC will integrate this ERRP into the project-specific standard operating 
procedures and training program.  Periodic training will be provided, not less than annually, to 
appropriate personnel. The training plan will document that the personnel have been trained and 
possess the required skills to perform their relevant emergency response activities described in 
the ERRP. 
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Appendix 10.A – FMEA Risk Assessment 


A detailed Failure, Mode, Effect, Analysis (FMEA) risk assessment has been completed. 
Identified risks with a Risk Priority Number (RPN) of greater than 100 are summarized below.
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Appendix 10.B – Example of Emergency Contact List from SPCC 


This is an example list (version 002-207-002-001NG 2021 Brame SPCC). The current version 
can be found in the most recent Cleco Power, LLC SPCC. 
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10.0 Emergency and Remedial Response Plan 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) 


This Emergency and Remedial Response Plan (ERRP) describes actions that Cleco Power, LLC 
will take to address movement of the injection fluid or formation fluid in a manner that may 
endanger an underground source of drinking water (USDW) during the construction, operation, 
or post-injection site care periods of injection well CLDV-IW2, in accordance with 40 
CFR146.94 


If Cleco Power, LLC obtains evidence that the injected carbon dioxide (CO2) stream and/or 
associated pressure front may cause an endangerment to a USDW, Cleco Power, LLC will 
perform the following actions: 


1. Cease injection and initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release. 
3. Notify the permitting agency/UIC Program Director (UIC Director) of the emergency 


event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


If a non-emergency shutdown of the CO2 injection system is required, the operator will complete 
the shutdown in a stepwise approach to prevent over-pressure situations and/or damage to the 
equipment.  Efforts will also be made to maintain the CO2 in the injection stream in a 
supercritical phase to prevent special operations during the restart of the system.   


CO2 injection will only resume with the consent of the UIC Director. If Cleco Power, LLC can 
demonstrate that the injection operation will not endanger USDWs, the UIC Director may allow 
the resumption of injection prior to remediation. 


10.2 Local Resources and Infrastructure 


Resources in the vicinity of the Cleco Diamond Vault Project that may be affected as a result of 
an emergency event at the project site include: USDWs, existing network of shallow 
groundwater wells, newly drilled wells associated with the Testing and Monitoring program, 
public traffic on Interstate Highway I49 and Highway 8, Brame Energy Center, and Boise 
Cascade Engineered Wood Products. 


The main body of water at the Cleco site location is Lake Rodemacher. This lake provides 
cooling water to the power plant, is open to the public, and is managed by Cleco Power, LLC 
and the Louisiana Department of Wildlife and Fisheries. This lake has a size of 3,070 acres (4.8 
mi2) and has an average depth of 9 ft. East of the facility is the distributary Red River which has 
a watershed that covers 65,590 mi2 and flows southeast until it meets the Mississippi River 
(Benke and Cushing, 2005). For more information on the hydrogeology at the Cleco site location 
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refer to section 1.2.7 Hydrologic and Hydrogeologic Information of the Project Narrative (Permit 
Section 1).    


The land within the area of review (AoR) consists primarily of cropland with sparse residential 
or agricultural buildings.  There are no public buildings, such as schools or hospitals in the AoR. 
Additionally, there are no residential groundwater wells within the AoR.   


Resources and infrastructure addressed in this plan are shown in Figure 10-1. 
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Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. 
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Figure 10-2: Map of proposed injection well CLDV-IW2 
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10.4.1 Well Integrity Failure 


Integrity loss of the injection well and/or the deep monitoring well may endanger USDWs. 
Automatic shutdown devices will be activated if the following events occur: 


• Wellhead (injection) pressure exceeds the maximum operating pressure specified in the 
permit. 


• Annulus pressure indicates a loss of external or internal well containment. 


• Mechanical integrity test (MIT) results identify a loss of mechanical integrity. 
 


Response actions for the situations listed above are detailed below in Table 10-2.   
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10.4.2 Injection Well Monitoring Equipment Failure 


The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 
may indicate a problem with the injection well that could endanger USDWs. Most equipment 
failures can be rapidly addressed by replacing the failed pieces of equipment and are likely minor 
emergencies. However, if the situation cannot be quickly addressed, system shutdown may be 
required.  


The response actions to an emergency associated with well equipment failure is detailed below in 
Table 10-3. 
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10.4.3 Potential Brine or CO2 Leakage to USDW 


Elevated concentrations of indicator parameter(s) in groundwater sample(s) from groundwater 
wells or increased pressures in the above confining zone (ACZ) wells may indicate fluid (brine) 
or CO2 leakage into a USDW.  


The response actions to an emergency associated with potential brine or CO2 leakage to a USDW 
is detailed below in Table 10-4. 
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10.4.4 Natural Disaster 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 
affecting the normal operation of the injection well. An earthquake may disturb surface and/or 
subsurface facilities and weather-related disasters (e.g., tornado or lightning strike) may affect 
surface facilities. The Cleco Diamond Vault facility lies outside the Federal Emergency 
Management Agency Adverse Effects (FEMA AE) Zone for floodplains.  


The response actions to an emergency associated with a natural disaster are detailed below in 
Table 10-5. 
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10.4.5 Induced Seismic Event 


The Cleco Diamond Vault Project is in a seismically stable region. To monitor the AoR for any 
potential seismic activity, a network of surface seismological stations will be deployed to 
continuously record background seismic activity. The number of required stations will be 
determined based on a site-specific modeling exercise incorporating the AoR and the seismic 
event magnitudes to be monitored. Baseline microseismic data will be acquired for six months 
prior to the start of injection operations. Triggered seismic event data will be processed to 
provide seismic moment magnitude and precise location and depth information on a real-time 
basis and reported daily should any occur.   


Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 
local reporting of felt events, the site will be assigned an operating state based on the protocol 
described in Table 10-6. The operating state is determined using threshold criteria which 
correspond to the site’s potential risk and level of seismic activity. The operating state provides 
operating personnel information about the potential risk of further seismic activity and guides 
them through a series of response actions.  
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10.5 Response Personnel and Equipment 


Site personnel, project personnel, and local authorities will be relied upon to implement this 
ERRP.  


The current emergency contact list can be found in the most recent Spill Prevention, Control, and 
Countermeasure (SPCC) document controlled by Cleco Power, LLC. An example of this contact 
list is found in Appendix 10.B. 


Cleco Power, LLC will provide the current emergency contact list to the UIC Director. 


Equipment needed in the event of an emergency and remedial response will vary, depending on 
the triggering emergency event. Response actions (cessation of injection, well shut-in, and 
evacuation) will generally not require specialized equipment to implement. Where specialized 
equipment (such as a drilling rig or logging equipment) is required, Cleco Power, LLC shall be 
responsible for its procurement.  


10.6 Emergency Communications Plan 


Cleco Power, LLC will communicate to the public about any event that requires an emergency 
response to ensure that the public understands what happened and whether there are any 
environmental or safety implications, in consultation with the UIC Director. The amount of 
information, timing, and communications method(s) will be appropriate to the event, its severity, 
whether any impacts to drinking water or other environmental resources occurred, any impacts to 
the surrounding community, and their awareness of the event.  


Cleco Power, LLC will describe what happened, any impacts to the environment or other local 
resources, how the event was investigated, what responses were taken, and the status of the 
response. For responses that occur over the long-term (e.g., ongoing cleanups), Cleco Power, 
LLC will provide periodic updates on the progress of the response action(s). 


Cleco Power, LLC will also communicate with entities who may need to be informed about or 
act in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, and Regional Response Teams (as part of the National Response Team). 


Emergency situations related to the injection project and described in this EERP will be managed 
by the Cleco Power, LLC communication team.  All media communications with the public 
through either interview, press releases, website postings, or other. 


The individual to be designated by Cleco Power, LLC will be the first contact during an 
emergency event. This individual will contact the crisis communication team as appropriate.   
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Individuals assigned the emergency response communications duties should have availability 24-
hours a day in the event of an emergency.  


10.7 Plan Review (40 CFR 146.94 (d)) 


This ERRP shall be reviewed: 


• At least once every five-years following its approval by the permitting agency. 


• Within one-year of an AoR re-evaluation. 


• Within six-months following any significant changes to the injection process or the 
injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Cleco Power, LLC will 
provide the permitting agency with the documentation supporting the “no amendment necessary” 
determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 
and submitted to the permitting agency within six-months following an event that initiates the 
ERRP review procedure. 


10.8 Staff Training and Exercise Procedures 


Cleco Power, LLC will integrate this ERRP into the project-specific standard operating 
procedures and training program.  Periodic training will be provided, not less than annually, to 
appropriate personnel. The training plan will document that the personnel have been trained and 
possess the required skills to perform their relevant emergency response activities described in 
the ERRP. 


 







 
 


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 20 of 25 
 


Appendix 10.A – FMEA Risk Assessment 


A detailed Failure, Mode, Effect, Analysis (FMEA) risk assessment has been completed. 
Identified risks with a Risk Priority Number (RPN) of greater than 100 are summarized below. 


 







 
 


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 21 of 25 
 


Sensitive, Confidential, or Privileged Information







 
 


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 22 of 25 
 


Sensitive, Confidential, or Privileged Information







 
 


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 23 of 25 
 


Appendix 10.B – Example of Emergency Contact List from SPCC 


This is an example list (version 002-207-002-001NG 2021 Brame SPCC). The current version 
can be found in the most recent Cleco Power, LLC SPCC. 


Sensitive, Confidential, or Privileged Information







 
 


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 24 of 25 
 


 







 
 


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 25 of 25 
 


 
















  
  


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 2 of 25 


Table of Contents 
10.0 Emergency and Remedial Response Plan ............................................................................... 3 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) .................................................................... 3 


10.2 Local Resources and Infrastructure .......................................................................... 3 


10.3 Potential Risk Scenarios ........................................................................................... 7 


10.4 Emergency Identification and Response Actions ..................................................... 7 


10.4.1 Well Integrity Failure ................................................................................................ 8 


10.4.2 Injection Well Monitoring Equipment Failure ....................................................... 10 


10.4.3 Potential Brine or CO2 Leakage to USDW ............................................................. 12 


10.4.4 Natural Disaster ...................................................................................................... 14 


10.4.5 Induced Seismic Event ............................................................................................ 16 


10.5 Response Personnel and Equipment ....................................................................... 18 


10.6 Emergency Communications Plan .......................................................................... 18 


10.7 Plan Review (40 CFR 146.94 (d)) .......................................................................... 19 


10.8 Staff Training and Exercise Procedures .................................................................. 19 


Appendix 10.A – FMEA Risk Assessment .................................................................................. 20 


Appendix 10.B – Example of Emergency Contact List from SPCC ............................................ 23 


 


List of Tables 
Table 10-1: Degrees of risk for emergency events. ........................................................................ 7 


Table 10-2: Response actions to an emergency associated with well integrity failure. ................. 9 


Table 10-3: Response actions to an emergency associated with well equipment failure. ............ 11 


Table 10-4: Response actions to an emergency associated with potential Brine or CO2 leakage to 
a USDW. ....................................................................................................................................... 13 


Table 10-5: Response actions to an emergency associated with a natural disaster. ..................... 15 


Table 10-6: Induced seismicity protocol for seismic events located with an epicenter within the 
AoR. .............................................................................................................................................. 17 


 


List of Figures 
Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. .................................................................................................................................. 5 


Figure 10-2: Map of proposed injection well CLDV-IW3 ............................................................. 6 







  
  


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 3 of 25 


10.0 Emergency and Remedial Response Plan 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) 


This Emergency and Remedial Response Plan (ERRP) describes actions that Cleco Power, LLC 
will take to address movement of the injection fluid or formation fluid in a manner that may 
endanger an underground source of drinking water (USDW) during the construction, operation, 
or post-injection site care periods of injection well CLDV-IW1, in accordance with 40 
CFR146.94 


If Cleco Power, LLC obtains evidence that the injected carbon dioxide (CO2) stream and/or 
associated pressure front may cause an endangerment to a USDW, Cleco Power, LLC will 
perform the following actions: 


1. Cease injection and initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release. 
3. Notify the permitting agency/UIC Program Director (UIC Director) of the emergency 


event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


If a non-emergency shutdown of the CO2 injection system is required, the operator will complete 
the shutdown in a stepwise approach to prevent over-pressure situations and/or damage to the 
equipment.  Efforts will also be made to maintain the CO2 in the injection stream in a 
supercritical phase to prevent special operations during the restart of the system.   


CO2 injection will only resume with the consent of the UIC Director. If Cleco Power, LLC can 
demonstrate that the injection operation will not endanger USDWs, the UIC Director may allow 
the resumption of injection prior to remediation. 


10.2 Local Resources and Infrastructure 


Resources in the vicinity of the Cleco Diamond Vault Project that may be affected as a result of 
an emergency event at the project site include: USDWs, existing network of shallow 
groundwater wells, newly drilled wells associated with the Testing and Monitoring program, 
public traffic on Interstate Highway I49 and Highway 8, Brame Energy Center, and Boise 
Cascade Engineered Wood Products. 


The main body of water at the Cleco site location is Lake Rodemacher. This lake provides 
cooling water to the power plant, is open to the public, and is managed by Cleco Power, LLC 
and the Louisiana Department of Wildlife and Fisheries. This lake has a size of 3,070 acres (4.8 
mi2) and has an average depth of 9 ft. East of the facility is the distributary Red River which has 
a watershed that covers 65,590 mi2 and flows southeast until it meets the Mississippi River 
(Benke and Cushing, 2005). For more information on the hydrogeology at the Cleco site location 
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refer to Section 1.2.7 Hydrologic and Hydrogeologic Information of the Project Narrative 
(Permit Section 1).    


The land within the area of review (AoR) consists primarily of cropland with sparse residential 
or agricultural buildings.  There are no public buildings, such as schools or hospitals in the AoR. 
Additionally, there are no residential groundwater wells within the AoR.   


Resources and infrastructure addressed in this plan are shown in Figure 10-1. 
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Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. 
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Figure 10-2: Map of proposed injection well CLDV-IW3 
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10.4.1 Well Integrity Failure 


Integrity loss of the injection well and/or the deep monitoring well may endanger USDWs. 
Automatic shutdown devices will be activated if the following events occur: 


• Wellhead (injection) pressure exceeds the maximum operating pressure specified in the 
permit. 


• Annulus pressure indicates a loss of external or internal well containment. 


• Mechanical integrity test (MIT) results identify a loss of mechanical integrity. 
 


Response actions for the situations listed above are detailed below in Table 10-2.   
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10.4.2 Injection Well Monitoring Equipment Failure 


The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 
may indicate a problem with the injection well that could endanger USDWs. Most equipment 
failures can be rapidly addressed by replacing the failed pieces of equipment and are likely minor 
emergencies. However, if the situation cannot be quickly addressed, system shutdown may be 
required.  


The response actions to an emergency associated with well equipment failure is detailed below in 
Table 10-3. 
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10.4.3 Potential Brine or CO2 Leakage to USDW 


Elevated concentrations of indicator parameter(s) in groundwater sample(s) from groundwater 
wells or increased pressures in the above confining zone (ACZ) wells may indicate fluid (brine) 
or CO2 leakage into a USDW.  


The response actions to an emergency associated with potential brine or CO2 leakage to a USDW 
is detailed below in Table 10-4. 
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10.4.4 Natural Disaster 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 
affecting the normal operation of the injection well. An earthquake may disturb surface and/or 
subsurface facilities and weather-related disasters (e.g., tornado or lightning strike) may affect 
surface facilities. The Cleco Diamond Vault facility lies outside the Federal Emergency 
Management Agency Adverse Effects (FEMA AE) Zone for floodplains.  


The response actions to an emergency associated with a natural disaster are detailed below in 
Table 10-5. 
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10.4.5 Induced Seismic Event 


The Cleco Diamond Vault Project is in a seismically stable region. To monitor the AoR for any 
potential seismic activity, a network of surface seismological stations will be deployed to 
continuously record background seismic activity. The number of required stations will be 
determined based on a site-specific modeling exercise incorporating the AoR and the seismic 
event magnitudes to be monitored. Baseline microseismic data will be acquired for six months 
prior to the start of injection operations. Triggered seismic event data will be processed to 
provide seismic moment magnitude and precise location and depth information on a real-time 
basis and reported daily should any occur.   


Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 
local reporting of felt events, the site will be assigned an operating state based on the protocol 
described in Table 10-6. The operating state is determined using threshold criteria which 
correspond to the site’s potential risk and level of seismic activity. The operating state provides 
operating personnel information about the potential risk of further seismic activity and guides 
them through a series of response actions.  
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10.5 Response Personnel and Equipment 


Site personnel, project personnel, and local authorities will be relied upon to implement this 
ERRP.  


The current emergency contact list can be found in the most recent Spill Prevention, Control, and 
Countermeasure (SPCC) document controlled by Cleco Power, LLC. An example of this contact 
list is found in Appendix 10.B. 


Cleco Power, LLC will provide the current emergency contact list to the UIC Director. 


Equipment needed in the event of an emergency and remedial response will vary, depending on 
the triggering emergency event. Response actions (cessation of injection, well shut-in, and 
evacuation) will generally not require specialized equipment to implement. Where specialized 
equipment (such as a drilling rig or logging equipment) is required, Cleco Power, LLC shall be 
responsible for its procurement.  


10.6 Emergency Communications Plan 


Cleco Power, LLC will communicate to the public about any event that requires an emergency 
response to ensure that the public understands what happened and whether there are any 
environmental or safety implications, in consultation with the UIC Director. The amount of 
information, timing, and communications method(s) will be appropriate to the event, its severity, 
whether any impacts to drinking water or other environmental resources occurred, any impacts to 
the surrounding community, and their awareness of the event.  


Cleco Power, LLC will describe what happened, any impacts to the environment or other local 
resources, how the event was investigated, what responses were taken, and the status of the 
response. For responses that occur over the long-term (e.g., ongoing cleanups), Cleco Power, 
LLC will provide periodic updates on the progress of the response action(s). 


Cleco Power, LLC will also communicate with entities who may need to be informed about or 
act in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, and Regional Response Teams (as part of the National Response Team). 


Emergency situations related to the injection project and described in this EERP will be managed 
by the Cleco Power, LLC communication team.  All media communications with the public 
through either interview, press releases, website postings, or other. 


The individual to be designated by Cleco Power, LLC will be the first contact during an 
emergency event. This individual will contact the crisis communication team as appropriate.   
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Individuals assigned the emergency response communications duties should have availability 24-
hours a day in the event of an emergency.  


10.7 Plan Review (40 CFR 146.94 (d)) 


This ERRP shall be reviewed: 


• At least once every five-years following its approval by the permitting agency. 


• Within one-year of an AoR re-evaluation. 


• Within six-months following any significant changes to the injection process or the 
injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Cleco Power, LLC will 
provide the permitting agency with the documentation supporting the “no amendment necessary” 
determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 
and submitted to the permitting agency within six-months following an event that initiates the 
ERRP review procedure. 


10.8 Staff Training and Exercise Procedures 


Cleco Power, LLC will integrate this ERRP into the project-specific standard operating 
procedures and training program.  Periodic training will be provided, not less than annually, to 
appropriate personnel. The training plan will document that the personnel have been trained and 
possess the required skills to perform their relevant emergency response activities described in 
the ERRP. 
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Appendix 10.A – FMEA Risk Assessment 


A detailed Failure, Mode, Effect, Analysis (FMEA) risk assessment has been completed. 
Identified risks with a Risk Priority Number (RPN) of greater than 100 are summarized below.
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Appendix 10.B – Example of Emergency Contact List from SPCC 


This is an example list (version 002-207-002-001NG 2021 Brame SPCC). The current version 
can be found in the most recent Cleco Power, LLC SPCC. 
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10.0 Emergency and Remedial Response Plan 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) 


This Emergency and Remedial Response Plan (ERRP) describes actions that Cleco Power, LLC 
will take to address movement of the injection fluid or formation fluid in a manner that may 
endanger an underground source of drinking water (USDW) during the construction, operation, 
or post-injection site care periods of injection well CLDV-IW4, in accordance with 40 
CFR146.94 


If Cleco Power, LLC obtains evidence that the injected carbon dioxide (CO2) stream and/or 
associated pressure front may cause an endangerment to a USDW, Cleco Power, LLC will 
perform the following actions: 


1. Cease injection and initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release. 
3. Notify the permitting agency/UIC Program Director (UIC Director) of the emergency 


event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


If a non-emergency shutdown of the CO2 injection system is required, the operator will complete 
the shutdown in a stepwise approach to prevent over-pressure situations and/or damage to the 
equipment.  Efforts will also be made to maintain the CO2 in the injection stream in a 
supercritical phase to prevent special operations during the restart of the system.   


CO2 injection will only resume with the consent of the UIC Director. If Cleco Power, LLC can 
demonstrate that the injection operation will not endanger USDWs, the UIC Director may allow 
the resumption of injection prior to remediation. 


10.2 Local Resources and Infrastructure 


Resources in the vicinity of the Cleco Diamond Vault Project that may be affected as a result of 
an emergency event at the project site include: USDWs, existing network of shallow 
groundwater wells, newly drilled wells associated with the Testing and Monitoring program, 
public traffic on Interstate Highway I49 and Highway 8, Brame Energy Center, and Boise 
Cascade Engineered Wood Products. 


The main body of water at the Cleco site location is Lake Rodemacher. This lake provides 
cooling water to the power plant, is open to the public, and is managed by Cleco Power, LLC 
and the Louisiana Department of Wildlife and Fisheries. This lake has a size of 3,070 acres (4.8 
mi2) and has an average depth of 9 ft. East of the facility is the distributary Red River which has 
a watershed that covers 65,590 mi2 and flows southeast until it meets the Mississippi River 
(Benke and Cushing, 2005). For more information on the hydrogeology at the Cleco site location 
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refer to section 1.2.7 Hydrologic and Hydrogeologic Information of the Project Narrative (Permit 
Section 1).    


The land within the area of review (AoR) consists primarily of cropland with sparse residential 
or agricultural buildings.  There are no public buildings, such as schools or hospitals in the AoR. 
Additionally, there are no residential groundwater wells within the AoR.   


Resources and infrastructure addressed in this plan are shown in Figure 10-1. 
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Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. 
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Figure 10-2: Map of proposed injection well CLDV-IW4 
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10.4.1 Well Integrity Failure 


Integrity loss of the injection well and/or the deep monitoring well may endanger USDWs. 
Automatic shutdown devices will be activated if the following events occur: 


• Wellhead (injection) pressure exceeds the maximum operating pressure specified in the 
permit. 


• Annulus pressure indicates a loss of external or internal well containment. 


• Mechanical integrity test (MIT) results identify a loss of mechanical integrity. 
 


Response actions for the situations listed above are detailed below in Table 10-2.   
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10.4.2 Injection Well Monitoring Equipment Failure 


The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 
may indicate a problem with the injection well that could endanger USDWs. Most equipment 
failures can be rapidly addressed by replacing the failed pieces of equipment and are likely minor 
emergencies. However, if the situation cannot be quickly addressed, system shutdown may be 
required.  


The response actions to an emergency associated with well equipment failure is detailed below in 
Table 10-3. 
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10.4.3 Potential Brine or CO2 Leakage to USDW 


Elevated concentrations of indicator parameter(s) in groundwater sample(s) from groundwater 
wells or increased pressures in the above confining zone (ACZ) wells may indicate fluid (brine) 
or CO2 leakage into a USDW.  


The response actions to an emergency associated with potential brine or CO2 leakage to a USDW 
is detailed below in Table 10-4. 
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10.4.4 Natural Disaster 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 
affecting the normal operation of the injection well. An earthquake may disturb surface and/or 
subsurface facilities and weather-related disasters (e.g., tornado or lightning strike) may affect 
surface facilities. The Cleco Diamond Vault facility lies outside the Federal Emergency 
Management Agency Adverse Effects (FEMA AE) Zone for floodplains.  


The response actions to an emergency associated with a natural disaster are detailed below in 
Table 10-5. 
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10.4.5 Induced Seismic Event 


The Cleco Diamond Vault Project is in a seismically stable region. To monitor the AoR for any 
potential seismic activity, a network of surface seismological stations will be deployed to 
continuously record background seismic activity. The number of required stations will be 
determined based on a site-specific modeling exercise incorporating the AoR and the seismic 
event magnitudes to be monitored. Baseline microseismic data will be acquired for six months 
prior to the start of injection operations. Triggered seismic event data will be processed to 
provide seismic moment magnitude and precise location and depth information on a real-time 
basis and reported daily should any occur.   


Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 
local reporting of felt events, the site will be assigned an operating state based on the protocol 
described in Table 10-6. The operating state is determined using threshold criteria which 
correspond to the site’s potential risk and level of seismic activity. The operating state provides 
operating personnel information about the potential risk of further seismic activity and guides 
them through a series of response actions.  
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10.5 Response Personnel and Equipment 


Site personnel, project personnel, and local authorities will be relied upon to implement this 
ERRP.  


The current emergency contact list can be found in the most recent Spill Prevention, Control, and 
Countermeasure (SPCC) document controlled by Cleco Power, LLC. An example of this contact 
list is found in Appendix 10.B. 


Cleco Power, LLC will provide the current emergency contact list to the UIC Director. 


Equipment needed in the event of an emergency and remedial response will vary, depending on 
the triggering emergency event. Response actions (cessation of injection, well shut-in, and 
evacuation) will generally not require specialized equipment to implement. Where specialized 
equipment (such as a drilling rig or logging equipment) is required, Cleco Power, LLC shall be 
responsible for its procurement.  


10.6 Emergency Communications Plan 


Cleco Power, LLC will communicate to the public about any event that requires an emergency 
response to ensure that the public understands what happened and whether there are any 
environmental or safety implications, in consultation with the UIC Director. The amount of 
information, timing, and communications method(s) will be appropriate to the event, its severity, 
whether any impacts to drinking water or other environmental resources occurred, any impacts to 
the surrounding community, and their awareness of the event.  


Cleco Power, LLC will describe what happened, any impacts to the environment or other local 
resources, how the event was investigated, what responses were taken, and the status of the 
response. For responses that occur over the long-term (e.g., ongoing cleanups), Cleco Power, 
LLC will provide periodic updates on the progress of the response action(s). 


Cleco Power, LLC will also communicate with entities who may need to be informed about or 
act in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, and Regional Response Teams (as part of the National Response Team). 


Emergency situations related to the injection project and described in this EERP will be managed 
by the Cleco Power, LLC communication team.  All media communications with the public 
through either interview, press releases, website postings, or other. 


The individual to be designated by Cleco Power, LLC will be the first contact during an 
emergency event. This individual will contact the crisis communication team as appropriate.   
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Individuals assigned the emergency response communications duties should have availability 24-
hours a day in the event of an emergency.  


10.7 Plan Review (40 CFR 146.94 (d)) 


This ERRP shall be reviewed: 


• At least once every five-years following its approval by the permitting agency. 


• Within one-year of an AoR re-evaluation. 


• Within six-months following any significant changes to the injection process or the 
injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Cleco Power, LLC will 
provide the permitting agency with the documentation supporting the “no amendment necessary” 
determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 
and submitted to the permitting agency within six-months following an event that initiates the 
ERRP review procedure. 


10.8 Staff Training and Exercise Procedures 


Cleco Power, LLC will integrate this ERRP into the project-specific standard operating 
procedures and training program.  Periodic training will be provided, not less than annually, to 
appropriate personnel. The training plan will document that the personnel have been trained and 
possess the required skills to perform their relevant emergency response activities described in 
the ERRP. 
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Appendix 10.A – FMEA Risk Assessment 


A detailed Failure, Mode, Effect, Analysis (FMEA) risk assessment has been completed. 
Identified risks with a Risk Priority Number (RPN) of greater than 100 are summarized below. 
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10.0 Emergency and Remedial Response Plan 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) 


This Emergency and Remedial Response Plan (ERRP) describes actions that Cleco Power, LLC 
will take to address movement of the injection fluid or formation fluid in a manner that may 
endanger an underground source of drinking water (USDW) during the construction, operation, 
or post-injection site care periods of injection well CLDV-IW5, in accordance with 40 
CFR146.94 


If Cleco Power, LLC obtains evidence that the injected carbon dioxide (CO2) stream and/or 
associated pressure front may cause an endangerment to a USDW, Cleco Power, LLC will 
perform the following actions: 


1. Cease injection and initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release. 
3. Notify the permitting agency/UIC Program Director (UIC Director) of the emergency 


event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


If a non-emergency shutdown of the CO2 injection system is required, the operator will complete 
the shutdown in a stepwise approach to prevent over-pressure situations and/or damage to the 
equipment.  Efforts will also be made to maintain the CO2 in the injection stream in a 
supercritical phase to prevent special operations during the restart of the system.   


CO2 injection will only resume with the consent of the UIC Director. If Cleco Power, LLC can 
demonstrate that the injection operation will not endanger USDWs, the UIC Director may allow 
the resumption of injection prior to remediation. 


10.2 Local Resources and Infrastructure 


Resources in the vicinity of the Cleco Diamond Vault Project that may be affected as a result of 
an emergency event at the project site include: USDWs, existing network of shallow 
groundwater wells, newly drilled wells associated with the Testing and Monitoring program, 
public traffic on Interstate Highway I49 and Highway 8, Brame Energy Center, and Boise 
Cascade Engineered Wood Products. 


The main body of water at the Cleco site location is Lake Rodemacher. This lake provides 
cooling water to the power plant, is open to the public, and is managed by Cleco Power, LLC 
and the Louisiana Department of Wildlife and Fisheries. This lake has a size of 3,070 acres (4.8 
mi2) and has an average depth of 9 ft. East of the facility is the distributary Red River which has 
a watershed that covers 65,590 mi2 and flows southeast until it meets the Mississippi River 
(Benke and Cushing, 2005). For more information on the hydrogeology at the Cleco site location 
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refer to Section 1.2.7 Hydrologic and Hydrogeologic Information of the Project Narrative 
(Permit Section 1).    


The land within the area of review (AoR) consists primarily of cropland with sparse residential 
or agricultural buildings.  There are no public buildings, such as schools or hospitals in the AoR. 
Additionally, there are no residential groundwater wells within the AoR.   


Resources and infrastructure addressed in this plan are shown in Figure 10-1. 
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Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. 
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Figure 10-2: Map of proposed injection well CLDV-IW5 
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10.4.1 Well Integrity Failure 


Integrity loss of the injection well and/or the deep monitoring well may endanger USDWs. 
Automatic shutdown devices will be activated if the following events occur: 


• Wellhead (injection) pressure exceeds the maximum operating pressure specified in the 
permit. 


• Annulus pressure indicates a loss of external or internal well containment. 


• Mechanical integrity test (MIT) results identify a loss of mechanical integrity. 
 


Response actions for the situations listed above are detailed below in Table 10-2.   
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10.4.2 Injection Well Monitoring Equipment Failure 


The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 
may indicate a problem with the injection well that could endanger USDWs. Most equipment 
failures can be rapidly addressed by replacing the failed pieces of equipment and are likely minor 
emergencies. However, if the situation cannot be quickly addressed, system shutdown may be 
required.  


The response actions to an emergency associated with well equipment failure is detailed below in 
Table 10-3. 
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10.4.3 Potential Brine or CO2 Leakage to USDW 


Elevated concentrations of indicator parameter(s) in groundwater sample(s) from groundwater 
wells or increased pressures in the above confining zone (ACZ) wells may indicate fluid (brine) 
or CO2 leakage into a USDW.  


The response actions to an emergency associated with potential brine or CO2 leakage to a USDW 
is detailed below in Table 10-4. 
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10.4.4 Natural Disaster 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 
affecting the normal operation of the injection well. An earthquake may disturb surface and/or 
subsurface facilities and weather-related disasters (e.g., tornado or lightning strike) may affect 
surface facilities. The Cleco Diamond Vault facility lies outside the Federal Emergency 
Management Agency Adverse Effects (FEMA AE) Zone for floodplains.  


The response actions to an emergency associated with a natural disaster are detailed below in 
Table 10-5. 
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10.4.5 Induced Seismic Event 


The Cleco Diamond Vault Project is in a seismically stable region. To monitor the AoR for any 
potential seismic activity, a network of surface seismological stations will be deployed to 
continuously record background seismic activity. The number of required stations will be 
determined based on a site-specific modeling exercise incorporating the AoR and the seismic 
event magnitudes to be monitored. Baseline microseismic data will be acquired for six months 
prior to the start of injection operations. Triggered seismic event data will be processed to 
provide seismic moment magnitude and precise location and depth information on a real-time 
basis and reported daily should any occur.   


Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 
local reporting of felt events, the site will be assigned an operating state based on the protocol 
described in Table 10-6. The operating state is determined using threshold criteria which 
correspond to the site’s potential risk and level of seismic activity. The operating state provides 
operating personnel information about the potential risk of further seismic activity and guides 
them through a series of response actions.  
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10.5 Response Personnel and Equipment 


Site personnel, project personnel, and local authorities will be relied upon to implement this 
ERRP.  


The current emergency contact list can be found in the most recent Spill Prevention, Control, and 
Countermeasure (SPCC) document controlled by Cleco Power, LLC. An example of this contact 
list is found in Appendix 10.B. 


Cleco Power, LLC will provide the current emergency contact list to the UIC Director. 


Equipment needed in the event of an emergency and remedial response will vary, depending on 
the triggering emergency event. Response actions (cessation of injection, well shut-in, and 
evacuation) will generally not require specialized equipment to implement. Where specialized 
equipment (such as a drilling rig or logging equipment) is required, Cleco Power, LLC shall be 
responsible for its procurement.  


10.6 Emergency Communications Plan 


Cleco Power, LLC will communicate to the public about any event that requires an emergency 
response to ensure that the public understands what happened and whether there are any 
environmental or safety implications, in consultation with the UIC Director. The amount of 
information, timing, and communications method(s) will be appropriate to the event, its severity, 
whether any impacts to drinking water or other environmental resources occurred, any impacts to 
the surrounding community, and their awareness of the event.  


Cleco Power, LLC will describe what happened, any impacts to the environment or other local 
resources, how the event was investigated, what responses were taken, and the status of the 
response. For responses that occur over the long-term (e.g., ongoing cleanups), Cleco Power, 
LLC will provide periodic updates on the progress of the response action(s). 


Cleco Power, LLC will also communicate with entities who may need to be informed about or 
act in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, and Regional Response Teams (as part of the National Response Team). 


Emergency situations related to the injection project and described in this EERP will be managed 
by the Cleco Power, LLC communication team.  All media communications with the public 
through either interview, press releases, website postings, or other. 


The individual to be designated by Cleco Power, LLC will be the first contact during an 
emergency event. This individual will contact the crisis communication team as appropriate.   
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Individuals assigned the emergency response communications duties should have availability 24-
hours a day in the event of an emergency.  


10.7 Plan Review (40 CFR 146.94 (d)) 


This ERRP shall be reviewed: 


• At least once every five-years following its approval by the permitting agency. 


• Within one-year of an AoR re-evaluation. 


• Within six-months following any significant changes to the injection process or the 
injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Cleco Power, LLC will 
provide the permitting agency with the documentation supporting the “no amendment necessary” 
determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 
and submitted to the permitting agency within six-months following an event that initiates the 
ERRP review procedure. 


10.8 Staff Training and Exercise Procedures 


Cleco Power, LLC will integrate this ERRP into the project-specific standard operating 
procedures and training program.  Periodic training will be provided, not less than annually, to 
appropriate personnel. The training plan will document that the personnel have been trained and 
possess the required skills to perform their relevant emergency response activities described in 
the ERRP. 
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Appendix 10.A – FMEA Risk Assessment 


A detailed Failure, Mode, Effect, Analysis (FMEA) risk assessment has been completed. 
Identified risks with a Risk Priority Number (RPN) of greater than 100 are summarized below.
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10.0 Emergency and Remedial Response Plan 


10.1 Introduction (CFR 40 146.94 (a)(b)(c)) 


This Emergency and Remedial Response Plan (ERRP) describes actions that Cleco Power, LLC 
will take to address movement of the injection fluid or formation fluid in a manner that may 
endanger an underground source of drinking water (USDW) during the construction, operation, 
or post-injection site care periods of injection well CLDV-IW6, in accordance with 40 
CFR146.94 


If Cleco Power, LLC obtains evidence that the injected carbon dioxide (CO2) stream and/or 
associated pressure front may cause an endangerment to a USDW, Cleco Power, LLC will 
perform the following actions: 


1. Cease injection and initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release. 
3. Notify the permitting agency/UIC Program Director (UIC Director) of the emergency 


event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


If a non-emergency shutdown of the CO2 injection system is required, the operator will complete 
the shutdown in a stepwise approach to prevent over-pressure situations and/or damage to the 
equipment.  Efforts will also be made to maintain the CO2 in the injection stream in a 
supercritical phase to prevent special operations during the restart of the system.   


CO2 injection will only resume with the consent of the UIC Director. If Cleco Power, LLC can 
demonstrate that the injection operation will not endanger USDWs, the UIC Director may allow 
the resumption of injection prior to remediation. 


10.2 Local Resources and Infrastructure 


Resources in the vicinity of the Cleco Diamond Vault Project that may be affected as a result of 
an emergency event at the project site include: USDWs, existing network of shallow 
groundwater wells, newly drilled wells associated with the Testing and Monitoring program, 
public traffic on Interstate Highway I49 and Highway 8, Brame Energy Center, and Boise 
Cascade Engineered Wood Products. 


The main body of water at the Cleco site location is Lake Rodemacher. This lake provides 
cooling water to the power plant, is open to the public, and is managed by Cleco Power, LLC 
and the Louisiana Department of Wildlife and Fisheries. This lake has a size of 3,070 acres (4.8 
mi2) and has an average depth of 9 ft. East of the facility is the distributary Red River which has 
a watershed that covers 65,590 mi2 and flows southeast until it meets the Mississippi River 
(Benke and Cushing, 2005). For more information on the hydrogeology at the Cleco site location 
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refer to section 1.2.7 Hydrologic and Hydrogeologic Information of the Project Narrative (Permit 
Section 1).    


The land within the area of review (AoR) consists primarily of cropland with sparse residential 
or agricultural buildings.  There are no public buildings, such as schools or hospitals in the AoR. 
Additionally, there are no residential groundwater wells within the AoR.   


Resources and infrastructure addressed in this plan are shown in Figure 10-1. 
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Figure 10-1: Map of Diamond Vault showing six proposed injection wells, site resources and 
infrastructure. 
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Figure 10-2: Map of proposed injection well CLDV-IW6 
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10.4.1 Well Integrity Failure 


Integrity loss of the injection well and/or the deep monitoring well may endanger USDWs. 
Automatic shutdown devices will be activated if the following events occur: 


• Wellhead (injection) pressure exceeds the maximum operating pressure specified in the 
permit. 


• Annulus pressure indicates a loss of external or internal well containment. 


• Mechanical integrity test (MIT) results identify a loss of mechanical integrity. 
 


Response actions for the situations listed above are detailed below in Table 10-2.   
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10.4.2 Injection Well Monitoring Equipment Failure 


The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 
may indicate a problem with the injection well that could endanger USDWs. Most equipment 
failures can be rapidly addressed by replacing the failed pieces of equipment and are likely minor 
emergencies. However, if the situation cannot be quickly addressed, system shutdown may be 
required.  


The response actions to an emergency associated with well equipment failure is detailed below in 
Table 10-3. 
  











  
  


Emergency and Remedial Response Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 12 of 25 


10.4.3 Potential Brine or CO2 Leakage to USDW 


Elevated concentrations of indicator parameter(s) in groundwater sample(s) from groundwater 
wells or increased pressures in the above confining zone (ACZ) wells may indicate fluid (brine) 
or CO2 leakage into a USDW.  


The response actions to an emergency associated with potential brine or CO2 leakage to a USDW 
is detailed below in Table 10-4. 
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10.4.4 Natural Disaster 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 
affecting the normal operation of the injection well. An earthquake may disturb surface and/or 
subsurface facilities and weather-related disasters (e.g., tornado or lightning strike) may affect 
surface facilities. The Cleco Diamond Vault facility lies outside the Federal Emergency 
Management Agency Adverse Effects (FEMA AE) Zone for floodplains.  


The response actions to an emergency associated with a natural disaster are detailed below in 
Table 10-5. 
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10.4.5 Induced Seismic Event 


The Cleco Diamond Vault Project is in a seismically stable region. To monitor the AoR for any 
potential seismic activity, a network of surface seismological stations will be deployed to 
continuously record background seismic activity. The number of required stations will be 
determined based on a site-specific modeling exercise incorporating the AoR and the seismic 
event magnitudes to be monitored. Baseline microseismic data will be acquired for six months 
prior to the start of injection operations. Triggered seismic event data will be processed to 
provide seismic moment magnitude and precise location and depth information on a real-time 
basis and reported daily should any occur.   


Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 
local reporting of felt events, the site will be assigned an operating state based on the protocol 
described in Table 10-6. The operating state is determined using threshold criteria which 
correspond to the site’s potential risk and level of seismic activity. The operating state provides 
operating personnel information about the potential risk of further seismic activity and guides 
them through a series of response actions.  
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10.5 Response Personnel and Equipment 


Site personnel, project personnel, and local authorities will be relied upon to implement this 
ERRP.  


The current emergency contact list can be found in the most recent Spill Prevention, Control, and 
Countermeasure (SPCC) document controlled by Cleco Power, LLC. An example of this contact 
list is found in Appendix 10.B. 


Cleco Power, LLC will provide the current emergency contact list to the UIC Director. 


Equipment needed in the event of an emergency and remedial response will vary, depending on 
the triggering emergency event. Response actions (cessation of injection, well shut-in, and 
evacuation) will generally not require specialized equipment to implement. Where specialized 
equipment (such as a drilling rig or logging equipment) is required, Cleco Power, LLC shall be 
responsible for its procurement.  


10.6 Emergency Communications Plan 


Cleco Power, LLC will communicate to the public about any event that requires an emergency 
response to ensure that the public understands what happened and whether there are any 
environmental or safety implications, in consultation with the UIC Director. The amount of 
information, timing, and communications method(s) will be appropriate to the event, its severity, 
whether any impacts to drinking water or other environmental resources occurred, any impacts to 
the surrounding community, and their awareness of the event.  


Cleco Power, LLC will describe what happened, any impacts to the environment or other local 
resources, how the event was investigated, what responses were taken, and the status of the 
response. For responses that occur over the long-term (e.g., ongoing cleanups), Cleco Power, 
LLC will provide periodic updates on the progress of the response action(s). 


Cleco Power, LLC will also communicate with entities who may need to be informed about or 
act in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, and Regional Response Teams (as part of the National Response Team). 


Emergency situations related to the injection project and described in this EERP will be managed 
by the Cleco Power, LLC communication team.  All media communications with the public 
through either interview, press releases, website postings, or other. 


The individual to be designated by Cleco Power, LLC will be the first contact during an 
emergency event. This individual will contact the crisis communication team as appropriate.   
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Individuals assigned the emergency response communications duties should have availability 24-
hours a day in the event of an emergency.  


10.7 Plan Review (40 CFR 146.94 (d)) 


This ERRP shall be reviewed: 


• At least once every five-years following its approval by the permitting agency. 


• Within one-year of an AoR re-evaluation. 


• Within six-months following any significant changes to the injection process or the 
injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Cleco Power, LLC will 
provide the permitting agency with the documentation supporting the “no amendment necessary” 
determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 
and submitted to the permitting agency within six-months following an event that initiates the 
ERRP review procedure. 


10.8 Staff Training and Exercise Procedures 


Cleco Power, LLC will integrate this ERRP into the project-specific standard operating 
procedures and training program.  Periodic training will be provided, not less than annually, to 
appropriate personnel. The training plan will document that the personnel have been trained and 
possess the required skills to perform their relevant emergency response activities described in 
the ERRP. 
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Appendix 10.A – FMEA Risk Assessment 


A detailed Failure, Mode, Effect, Analysis (FMEA) risk assessment has been completed. 
Identified risks with a Risk Priority Number (RPN) of greater than 100 are summarized below. 
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